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There’s power in the atom... 


















Sand cast in aluminium alloy. 
Diameter 493”, maximum depth 
19%", fettled weight 536 lb. 


and strength in BIRMAL 


This is a very special casting. Somewhere behind the 
creation of atomic power it has an important 

part to play in the production and processing of fuel. 

Birmal excel in large complex castings of this 

kind for both the atomic and the engineering industries. 

A background of more than half a century’s 

experience lies behind their choice of materials and processes. 
The benefits of this knowledge and experience are 


available to all industries where the quality of castings count. 
You get more than a casting from 


Birmingham Aluminium Casting (1903) Co. Ltd. 


BIRMIDB WORKS SMETHWICK BIRMINGHAM 40 


When replying to advertisements please mention the Journal 
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MODEL 7 SO RANGE 
¢ 


AVOMETER 





ly, 
¥ 





Fat 





in one instrument 
EEE 


Tue wide scope of this multi-range AC/DC 




























measuring instrument, coupled with its unfailing reliability, simplicity of 
CURRENT VOLTAGE 
ImA D.C. only 50mV D.C. only use and high degree of accuracy, renders it invaluable wherever electrical 
2m 100 ., - 
5 A.C.& D.C, ar moos equipment has to be maintained in constant, trouble-free operation. 

- i rs ” ’ 

50, ow Si yogis = It provides 50 ranges of readings on a 5-inch 
Ws ae ~ = hand calibrated scale fitted with an anti- 
| ar 100,, ,, +5 parallax mirror. Accuracy is within the limits 

Vee 200,, , ” laid down in Section 6 of B.S.S. 89/1954 for 
“ae bn nooo 5-inch scale industrial portable instruments. 
10 1000. » Range selection is effected by means of two 
isn hauaseelng is electrically interlocked rotary switches. The 
total resistance of the meter is 500,000 

RESISTANCE ohms. 


10,000 ohms 
using internal |) volt cell 


100,000 
| Megohm using internal 9 volt battery 


The instrument is self-contained, compact 
and portable, simple to operate, and is 
OM ' protected by an automatic cut-out against 
egohms | using external source of A.C. damage through inadvertent overload. 
40 - or D.C. voltage 
Power and Power IF actor can be measured 
in A.C. circuits by means of an external 
accessory, the Universal Avo Meter Power 
Factor & Wattage Unit. 





CAPACITY 0:0!—20 mFds 





List Price 


£19 : 10s. 


POWER AND DECIBELS 


Impedance | Power Decibels 
| 0 SOW Size 8” « 7%” 43” 
Weight 62 Ibs. i 
500 ohms | 200mW | —25t0 6 a ae 
5,000 ohms | 2w | —I5to 16 





—25 to 6 


200 mW 


50, 1m 
—— .--you can depend on 
5 








Various accessories are available for 
extending the wide range of measurements. 
Illustrated Brochure available on request. 
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THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO., LTD. 
AVOCET HOUSE + 92-96 VAUXHALL BRIDGE ROAD + LONDON « S.W.I. Telephone: ViCtoria 3404 (9 lines) Sn 
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discoveries of the Bronze Age 


.... That there is a PARSONS, IMMADIUM OR CROTORITE BRONZE 
specification to meet pretty well every demand in modern engineering. 


. . that the consistent quality of these metals make them highly efficient in 
resisting high temperatures, corrosion and shock. 


. . . . Manganese Bronze and Brass continue to make many discoveries which produce 
alloys of undoubted efficiency. 


IN EXTRUDED RODS, BARS, TUBES AND SECTIONS, AND FORGINGS 
ROLLED SHEETS AND PLATES. 


PARSONS IMMADIUM CROTORITE 


MANGANESE BRONZE HIGH TENSILE BRONZE ALUMINIUM BRONZE 


THE MANGANESE BRONZE AND BRASS COMPANY LIMITED 
HANDFORD WORKS HADLEIGH ROAD IPSWICH - TELEGRAMS BRONZE IPSWICH + TELEPHONE IPSWICH 2127 


2534 





The Institution of Production Engineers Journal 


whatever 
you turn... 


STEEL—CAST IRON-NON-FERROUS METALS 
NON-METALLIC MATERIALS... 


From the toughest manganese steel, 
hard chilled cast iron, to abrasive 
glass, wood, etc., Cutanit tools 
will provide better cutting conditions. 
They will give a greatly increased 
tool life and will withstand 
temperatures up to 900°C. without 
loss, hardness or resistance to 
abrasion or shock. 
Ask the Cutanit man to call 
and examine together the money 
you could save by using Cutanit 
in your machine shops. 


fewer tool changes with 


A METRO — CUTANIT PRODUCT 


TIPS & TOOLS 


WM JESSOP & SONS LTD BRIGHTSIDE WORKS SHEFFIELD 


ALL ENQUIRIES TO: SMALL TOOL WORKS PORTLAND STREET SHEFFIELD 6 TELE 20224 
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serving i try. ae | 
and the community * 


As members of a commun- 
ity, we are dependant on 
one another. Our whole 
organisation is based on this 
i simple fact. 
The renowned M & C Sales 
and Technical service is our 
contribution to the urgent 
day-to-day needs of British 
Industry. 








Illustrations : Side chip clear- 
ance saw and slot drill—and 
the tower of M & C new Head 
Office building, Birmingham. 





Monks & Crane Ltd 


BRITAING 
FOREMOST 
DISTRIBUTORS BIRMINGHAM - LONDON : MANCHESTER NEWCASTLE ON TYNE 


SM/MC2777 








_ Adjustable 


Pallet Racks Tie Rack uit he Bolte, 





Eliminated 
2, of former 
handlings 





These Before and After photos show how time in handling of materials was 
cut by two-thirds in this plant—and how storage capacity was increased 


UTERERT secs 
capacity 
for work 
In process 
storage by 


300% 


COURTESY THE WESTINGHOUSE BRAKE AND SIGNAL CO. LTO.. CHIPPENHAM, ENGLAND 


In this installation RACK Adjustable Pallet Racks tial. Overall efficiency of Department increased 
made possible a major increase in output through considerably with introduction of “Good House- 
providing quick availability of parts. Savings in keeping” Policy, and with flexibility of the RACK 
handling costs and in storage space were substan- Material Handling Equipment. 


PATENTED IN ENGLAND, FRANCE, GERMANY, NORWAY 
DENMARK, HOLLAND, BELG!IUM AND ITALY 


Made in England since 1947 














ENGINEERING nied 


9 Camomile Street, London E.C. 3, England 


Fabricating and Assembly Plants Slough, Eng, Connellsville, Pa., and Gardena, Calif, US A, Farnham, Quebec, Canode 
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Model T: 8°24 


used at 


VAUXHALL MOTORS 
broaching 


S 5 Rocker Arms 
_every 15 seconds 





SEMI OR FULLY AUTOMATIC CYCLE 
MODELS NOW AVAILABLE 


* Write today for full technical information 


BUILT AND TOOLED BY fat 


bale via 1X 


a ROCKWELL, 


WELSH HARP, EDGWARE RD., LONDON, N.W.2. TEL: GLADSTONE 0033 Vp wong trae ora LTD. 





ALSO AT BIRMINGHAM-—TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW-TEL: MERRYLEE 2822 


ABV 6 
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An Impressive Performer THE NEW ADCOCK & SHIPLEY p 


H.-P. 

Weight 

Positive Backlash Eliminator 
Suitable for Tungsten Carbide Milling 
Suitable for High Rake Milling 


Duplicated controls and LOCKS at front and rear 


Every Final Drive Gear bigger than the Cutter it drives 


Table Size 

Feeds 

No. and Range of Speeds 
Hardened Table Screw 


Automatic Slide & Screw Lubrication 


Knee Width 
Built in Fly Wheel 


No. of Spindle Bearings 


ADCOCK & SHIPLEY LTD 


3HG 





60” x 14 


Infinitely variable— 
+ — 64” per minute 


24 from 23 — 1250 
Yes 
Yes 
19” 





MILLING MACHINE 


Just count its features. 

You will find it incorporates 
more points in its favour 

1S in all—than any other 
milling machine available 
to-day. Write now for full 
details of the 3HG—the 
machine that is built to an 
entirely new postwar design. 
the machine that makes 
maximum effective use of today’s 


(or tomorrow's) cutting tools. 








| 





ul | 
fi 


| 


P.O. Box 22, Ash Street, Leicester 
Tel. : Leicester 24154/5/6 Telegrams: Adcock Lei ester 
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The Holman series ‘30’ Rotogrinds. Fine baccragget nat: Bagi ssc 
Widely used in every branch of indu- powered. by the same robust ale 
sry, Gayre pawared by an ently used in the series “*30” Rotogrinds 
removable vane-type motor. 8 ; 








The “Z”’ series Riveting Hammers. 
Designed tocombine maximum power 





Holman Chipping Hammers. Light, with minimum recoil, these high- 
easy to handle, available in a wide speed tools can be used in perfect 
range of sizes, they incorporate a safety on difficult footings. 


throttle valve which gives full control 
from light taps to full-force blows. 








PNEUMATIC TOOLS 


AIR COMPRESSORS HOLMAN BROS. LTD., CAMBORNE, ENGLAND 
ROCK DRILLS Yelapinene: Camborne 2275 (10 lings) 
Telegrams: Airdrill, Camborne 


London Office : 44 Brook St., W.1. Hyde Park 9444 HH12 


When replying to advertisements please mention the Journal 
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Since the Company's incep- 
tion our Research Depart- 
ment has constantly been 
studying development and 
improved quality control. 
Five years of experience in 
sintering in high vacuum 
have enabled us to develop 
a new technique in the pro- 
duction of carbide cutting 
tools and carbides for use in 
the mining industry. This 
results in a new high level of 
performance in all applica- 
tions. A new design of plan- 
ing tool. helical milling 
cutters and a patented tool 
for bar turning are among 
some recent developments. 


SHARPENHOE, BEDFORD 
‘Phone: Toddington 315-6-7. ‘Grams: Perpro, Luton. Telex: 14-625. 





AP335/4 








This is an example of All- 
Welded Machine Bed Plates 
manufactured by this Com- 
pany. The photograph shows 
how well the complications 
of modern machine practice 
can be overcome by this 
modern method resulting in 
great economies. 
















We can profile cut any shape in mild steel 
from }” to 6” in thickness. Our products 
are clean cut and necessitate the minimum 
of machining and finishing. They make for 
large economies in reducing the number of 
operations Send your enquiries to:- 


Bolton Railway Wagon & Ironworks Co. Ltd. 


Teleph . 
eimataas BOLTON, Lancashire. wnnml anual 
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MATERIAL ADVANTAGES 


Of the new plastics materials adopted by industry in recent years 





‘Araldite’ epoxy resins are the most versatile and valuable. Their 
properties include remarkable adhesion to metals and ceramics, 
excellent electrical characteristics, high structural strength, negligible 
shrinkage on setting, as well as chemical resistance. The electrical 
industry, for example, makes extensive use of ‘Araldite’ resins for 
potting, sealing, impregnating, bonding, dip-coating and structural 
insulation. Gravity castings of all sizes, with or without mineral 





fillers, are used for insulation, insulators, bushings and structural 
parts. The illustrations show an insulated shroud for a 33kV switch- 
gear earthing device and a cast ‘Araldite’ 11kV bushing. 


A complete set of literature on ‘Araldite’ 
Epoxy Resins will be sent gladly on request. 





Oe 


cA : ldi 9 ‘Araldite’ epoxy resins are used 
raidite san 


for impregnating, potting or sealing 
electrical windings and components 


for producing glass fibre laminates 

for producing patterns, models, jigs and tools 
as fillers for sheet metal work 

as protective coatings for metals, wood and 
ceramic surfaces 


epoxy resins 


‘ Araldite’ is a registerea trade name 


+t + + + 


Aero Research Limited, A Ciba Company. Duxford, Cambridge. Telephone : Sawston 2121 


AP264-289A 
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| internationally famous for accuracy and... 


PRECISION 


RELIEVING 
' ATTACHMENT 




























@ _READILY DISENGAGED FoR . 
NORMAL TURNING. 


@ ONE CAM GIVES VARIABLE 
RELIEF. 


@ RELIEVING ATTACHMENT IS 
BUILT AS AN INTEGRAL 
PART OF THE MACHINE. 








EMBODYING ALL 
THE LATEST 
DEVELOPMENTS 
IN LATHE DESIGN 
AND BACKED 
BY ALMOST 
100 YEARS 
EXPERIENCE 





17 INCH SWING TOOLROOM LATHE 


Dean Smith Groce 


KEIGHLEY ENGLAND ; 
LIMITED ‘ 











We manifactte..urv-.- SWING ENGINE LATHES* SURFACING & BORING LATHES *TOOLROOM LATHES 


Deeewtr tees Bee eRATURE SENT OW REQUEST 
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Spur Geared Motors 








Newbury was once the centre of a swamp. 

About 4500 B.C., when the river level dropped, a series of 
dams and lakes appeared, causing gravel banks and peat 
bogs to form. These dams have been attributed to the 
industry of beavers, a theory supported by the discovery 

of beavers’ bones in the peat deposits. Peat digging 

was an industry in the town until about 1870. Those 
beavers were the industrious forerunners of a thriving 
market and industrial centre. 

Newbury’s success today is typified by Oppermans of 
Newbury who, in a modern well-equipped plant, manufacture 
a complete range of Geared Motors, Reduction Gear Units 
and all types of Gear Wheels. May we have your 
enquiries or send you descriptive literature ? 


OPPERMANS of NEWBURY 


Co-Axial Shaft. 4 hp to 60 hp. 


Output speeds between 600 rpm and 0.25 rpm. 


OPPERMAN GEARS LTD., NEWBURY, BERKSHIRE 
Telephone: Newbury 1701 
Telegrams + Oppigears. Newbury 


When replying to advertisements please mention the Journal 
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“British Built” 


















(CONOMAT 


Now Available 

































Front view 13”— 6 Conomatic ‘ eo { 


Prompt delivery can now be given of 
1°/;" Six Spindle Models.......... 


© e e e e WITH THE FOLLOWING OUTSTANDING FEATURES 


Spacious and efficient tooling area 
Extreme rigidity of tool slides 
More tooling positions per spindle 


Tool cost maintenance reduced to a minimum 


Rigid construction provides maximum production 


CHARLES CHURCHILL & CO LIMITED 


COVENTRY ROAD SOUTH TAR DLE Y BIRMINGHAM 25 












BRANCHES MANCHESTER 


KK 


LONDON GLASGOW 





NEWCASTLE 
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Eintam 


The Bantam needs no introduction: 

over the past two years this lightweight, 

portable cutter has proved capable of tackling 

the biggest of jobs. And now, in addition 

to its other standard features such as reversibie 
motor and ability to cut 2” thick steel 

with machine accuracy, the Bantam has been fitted 
with a new mixer type nozzle. Nozzle-mixing 
virtually eliminates back-firing and gives a 

faster rate of cutting, a higher degree of safety, 
and better quality, trouble-free 

cutting. Why not write for details of the Bantam 2 ? 


wag“ 


. ee : j *., % ae ” 
British Oxygen Gases Ltd., Industrial Division, Bridgewater House, Si. James's, London, S.W.1. 
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increased output 


mB a 
Almost unlimited machining less time — less rejects 


operations are performed by 


Sentinel Unit Machines, pro- —_— less space — less effort 


viding improved quantity and 
higher output. A wide range 
of standard columns, rotary 
tables etc. is available, and 
the installation shown is 
arranged for milling, drilling 
and cleaning the threaded end 
of a swivel axle for an auto- 
motive product. 


unit machines 
incorporating the 
Renault-France 
system 

eC electro- 
y-4ite | mechanical 

| : a8 head 





Sentinel 





























: 
inc! 
enkine adaptability — versatility — flexibility 


0) 
machined mating faces for assembly into any combination of units. | | 


da ~ 


The standard bases (with enclosed switchgear) and rotary tables are available with 
y 


T 
wry 


Tf? 
| ) 


r + if )) If] i 1b i ° 
= 1, d Spee ) ie =) (uh y 1S ie 
Vertical Column 3 ft. Wet Base 3 ft. Dry Base 5 ft. Dry Base 5 ft. Wet Base Base for Vertical . : 
7-8-9 fr Columa 4-Way Centre Base Bridge Column ¢ 
4 ft. Dry Base 


SENTINEL (SHREWSBURY) LTD SHREWSBURY ENGLAND 


Telephone: SHREWSBURY 201! Telegrams: “SENTNOLL SHREWSBURY” London Office: 60 BUCKINGHAM PALACE ROAD LONDON S.W.I| Telephone: SLOANE 0098 


P4608 
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Their improved performance stems from the essen- 
tially more efficient bond combined with the new type 
of rough sides designated ‘‘F’* Sides—which are 
obtained by allowing the outside layers of abrasives to 
protrude naturally from the sides of the wheel. The 
result is faster, cooler cutting with no burn and 
minimum burr. 

These free-cutting characteristics make it possible 
to use a harder grade than normal. This means even 
longer wheel life with no sacrifice to cutting rate 
or finish. 

The new Norton B9 Resinoid Bonded Cutting-off 
Wheels have been developed specifically to give... 


FASTER CUTTING - LONGER WHEEL LIFE - COOLER ACTION - BETTER FINISH 


Prove their undoubted qualities for yourself; to arrange 
it see your Norton or Alfred Herbert Representative, or 
write to us. 


NORTON ABRASIVES 


NORTON GRINDING WHEEL CO. LTD. 
Welwyn Garden City, Herts. Telephone: Welwyn Garden 4501 (10 lines) 
Enquiries also to: ALFRED HERBERT LTD., COVENTRY 


When replying to advertisements please mention the Journal 








The Institution of Production Engineers Journal 






C4 





—— 










SHAFT 
MOUNTED 
GEAR 
UNITS 


A development of our live 








powers up to | powers up to 
110 h.p. output 70 h.p. output 


8 $ | Z E $ speeds from 100 8 $ | Z E S speeds from 8 


to 425 r.p.m. to 125 r.p.m. 
of SINGLE when used with of DOUBLE when used with ° °, 
REDUCTION GEARS | Crofts Supror REDUCTION GEARS | Crofts Supror shaft floating drive 
Sure-Grip V-Rope Sure-Grip V-Rope 








which has proved 


drives. drives. 


highly successful for 


Used in combination with other standard Crofts products, a much wider 


range of torques and speeds (including infinite variation) is possible. over ten years 


SIMPLE MOUNTING direct on to the machine shaft, whatever 
the angle, eliminates couplings, baseplates and foundations. This 
makes an ideal drive for vertical or inclined agitator shafts in 
chemical and food processing machinery, as well as for any 









horizontal application. 


INTERCHANGEABLE BUSHES facilitate fitting on a wide range 
of shaft diameters. 


DIFFERENT SPEEDS easily obtained using quick-change Crofts 
Taper-Flushbush pulleys. 


BELT TENSION simply adjusted by the torque reaction bar. 


a os oe ee eee ee ee eee eee ee ee ees ee eee es ees os ed 







Units can carry driving 
motor as shown, or be 
supplied fitted with 
flange mounting motor. 





(ENGINEERS) LIMITED. BRADFORD 3. ENGLAND 


PHONE :- 6525! (15 LINES) GRAMS :- “ CROFTERS BRADFORD” 








REL. 320 


WARWICK. 
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BRITISH AERO COMPONENTS LTD. 
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THE BUSH WITH NINE LIVES 


The 
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The best bright steel 
bars bar none! 





As steel stockholders Macready’s Metal Company 
meet the pressure of an intensely competitive 
industry with stream-lined service and the highest 
quality stocks. 

Twenty well known lines are handled in the large 
and efficiently planned warehouse in Pentonville 
Road, ensuring fast delivery and exact response 
to the customer’s specifications. 

Known throughout the stee) industry, Macready’s 
Usaspead Service is a guarantee of quality. 
accuracy, and prompt delivery. 








MACREADY’S METAL COMPANY LTD 


London’s Leading and Largest Steel Stockholders 
“Usaspead” Corner, Pentonville Road. London, N.1°- Tel: TERminus 7060 (20 lines). Telegrams: Usaspead, London. Telec 2-2788 















The Fawcett-Finney 


HOBBING PRESSES | 


Precision machines for 


MOULD MAKERS 


for the cheaper and quicker 
making of moulds Fs 








Hand or pump operated from 200 to 1000 tons. 


New registered design, fabricated in high | 
tensile steel giving compactness, accessibility H 
and ease of operation, ample daylight and | 
bolster area. | 
YOUR ENQUIRIES WELCOMED FOR THE ABOVE AND FOR Entirely self-contained 1000 ton Hobbing Press, 
SPECIALLY DESIGNED EQUIPMENT 12” daylight between bolsters. Platen area 18” x 18". 
BER KALE Y $ T R EE T - N G H A M 


In Association with FAWCETT PRESTON & CO ~ A eM. ae 
and FINNEY PRESSES LIMITED BERKLEY STREET BIRMINGHAM |! 


Telephone: M!Dland 3795-6-7 Cables: Finhyd Birmingham | 
A METAL INDUSTRIES GROUP COMPANY 
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anew chuck for 

screwed shank tools 

incorporating entirely 
7 new features 





Supplied with Four each 
Collets and Bushes for 
Tool Shank Dias. 


BSA lrv-Lok 


Patents applied for 


It is a quick and simple matter io insert 
a screwed shank tool into this robust 
locked 


immovably true and chatter-free until, 


chuck, yet there it will stay, 


by a turn of a spanner, it is just as 


readily released. 


te ADJUSTABLE CENTRE 


assists in centralising the cutter. Is removable for recon- 
ditioning. Its adjustment compensates for length of 
reground cutters and enables several chucks to be set for 
simultaneous milling slots of equal or varying depth within 


approximately 1” allowable adjustment 





(A special centre, at small extra cost, enables cutter adjust- 
ment without removing the chuck from the machine.) 


the BUSH 


accommodates the screwed shank tool. It takes the drive of 


NTEITTS LL 


the chuck through a substantial key and allows heavy stock 
removal without slip, at maximum speeds and feeds. 


tye SPLIT COLLET 


grips the shank of the tool, compensates for variation in 
shank diameters and in conjunction with the adjustable 
centre, centralises the tool in the chuck, 


the LOCKING NUT 


closes the collet and locks the assembly rigidly in position. 


sees 


LARGE B-S-A Tru-Lok 


Supplied with Three 
each Collets and Bushes 
for Tool Shank Dias. 


CUTTING DIA. OF TOOLS 





rine 
qg in. 


on i 
12 to +2 in. 





3 in, 








in. 


1 to 12 in. 











5 
3 in. 


1Z to 2 in. 
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to Zin. 





STOCKED IN 


MADE BY 


B. Ss. A. 


and 

details 

please send for 
this catalogue 


When replying 


to advertisements 


THE STANDARD RANGE OF TAPER SHANKS 
Obtainable trom 


TOOLS LIMITED 
SMALL TOOLS DIVISION 
MONTGOMERY STREET 
Tel. VICTORIA 2351 


your local 
Stockist 


P.O. Box 232 
ENGLAND 
MADRICUT BIRMINGHAM TELEX 412 


BIRMINGHAM 11 
Cables : 
please 


mention the Journal 
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The 
Major 
drills 




















Drills made of 


STAG MAJOR 
SUPER HIGH SPEED STEEL 


from the high-frequency electric furnace have made the drilling of manganese steel 
a commercial proposition. Recommended for high tensile steels (over 75 tons tensile), 
their special design incorporates short flute lengths to provide the requisite strength 
for such operations. 








Stocks of standard drills are kept at the Imperial Steel Works for ordinary and 
production purposes. Trained metallurgical staffs and experts in drill design and 
application ensure the perfection of all Stag brand drills. Write for Twist Drills 
folder, using the request form. 


To Bagar Allen & Co.Ltd, | J 
Se EDGAR ALLEN & CO-LIMITED 
ee |MPERIAL STEEL WORKS ~ SHEFFIELD:9 


IR oes 





LP.E. Telephone : SHEFFIELD 41054 Telegrams : ALLEN SHEFFIELD 9 
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HARDEN ED FAS T 





Permitting rapid interchanging of inductors and instantaneous positioning 
of its four-station work support head, this new Birlec induction heating 
machine can be tooled for a number of varied jobs without individual time 
wasting re-adjustment. Equipped with a power traversed heating head, 


the machine can perform in quick succession a wide variety of single shot or 





progressive heating operations including hardening, brazing, and soldering. 
One typical installation hardens 24 different gear box components. 


Birlec publication number 140 gives further information. 


Bix] > Eimited 


Member of the A.E.I. Group of Companies 
ERDINGTON : BIRMINGHAM 24 


LONDON : SHEFFIELD GLASGOW - NEWCASTLE-ON-TYNE 
$m/b2816156 


When replying to advertisements please mention the Journal 
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THE "PRECI MAX way 


TO INCREASED PRODUCTIVITY 


‘STOP CUT’ 

Work Locator. A utomatic sizing 
* Loading Guide. 
1956 


Device. | 
Combined Hydraulic 

Tailstock and 

Wheel Truing 


Device. 










Table Locator for 
Wheel Truing- 
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Have you considered 


the advantages of magnesium 


All industries can now benefit from the advantages of magnesium fabrication. 

The Teleflex engine and trim control pedestal for Scottish Aviation’s ‘Twin Pioneer’ 
is an outstanding example of what has already been achieved. Assembled from 
magnesium sheet pressings and a casting, its total weight is only 11 1b. 13 oz. 

Its lightness, strength and rigidity were given practical shape by the hot forming 
of magnesium. Exceptionally great deformation in one operation is possible with 
magnesium; often only one die is required and the need for intermediate annealing is 
eliminated. Because there is very little spring-back when forming magnesium, 
dimensional accuracy is more easily attained. All these facts add up to a considerable 
saving in operational times. 

The many important advantages of magnesium fabrication are being brought to 
every industry by MEL. Their Fabrication and Assembly Shops at Clifton Junction. 
Manchester, are entirely devoted to magnesium; they were planned and equipped 
with only magnesium in mind. 

Magnesium fabrication is fully discussed in the booklet 
MEL Magnesium Fabrication Facilities. You can obtain a copy by writing to 
Magnesium Elektron Limited, 21 St James’s Square. London SW1 


kill dead weight with magnesium vet 
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PNEUTOMATION 


has a place in your plant 













In almost every factory there are instances 
in which Lang Pneumatic control equipment 
can effect economies and assist production. 
LOWER Ye. Pneutomation takes many time-consuming 


PRODUCTION SE, operations out of human hands and 


does them automatically, thus not 


TIMES only speeding the job but 
establishing an invariable 


accuracy and reducing rejects. 
Handling between process and 


departments is easier and 
LOWER COSTS cheaper with 


pneutomation. 






PRE-SET 
ACCURACY 


FEWER REJECTS 


SPAGE ECONOMY 


LESS HANDLING 


You should in your own interest, send for our descriptive brochure 
No production engineer, in no matter what industry, can afford to be without one. 


LANG PNEUMATIC CONTROL EQUIPMENT 


entirely non-corrodible 


“PNEUMATIC LTD 


BIRMINGHAM ROAD WOLVERHAMPTON Tel: 25221:2°3 
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When London’s buses looked like thts and 
catered more for health than comfort 

FESCOL pioneered their process for the 
electro-chemical deposition of nickel for 
building up worn engineering parts. Two years 
later, in 1922, FESCOL again led the way 

with the deposition of hard chromium and have 
now perfected the deposition of hard chrome 

on light alloys. The FESCOL process has 
saved industry hundreds of thousands of pounds 
by restoring worn components to their original 
dimensions. The process protects new products 
against corrosion and provides a hard, 
long-wearing, low-friction surface. Are 
you up-to-date with the full range of 
engineering components that can be 
FESCOL-ised in Chrome or Nickel? 
For further information please write 
for publication PE] 





1 HEAVY NICKEL DEPOSITION 
was pioneered by FESCOL in 1920. 





1° HARD CHROME DEPOSITION 
was introduced by FESCOL in 1922, 


NOW HARD CHROME DIRECT ON 


LIGHT. ALLOYS 


FESCOL LIMITED - NORTH ROAD - LONDON N.7 


4 


A 4 Branch Works at 


ee rer Port Glasgow, Huddersfield, and Brownhills, Walsall 





Sole Licensees for Australasia: De Havilland Aircraft Pty. Ltd., Milperra Road, Bankstown, N.S.W. 


TGA 48 


When replying to advertisements please mention the Journal 
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A be ie 4 : A new series of lathes built in three sizes. Tool 


slides have full travel to front and rear of the 
spindle providing the equivalent of two-way copying. 
Feed continues in the same direction when the 
spindle is reversed. A separate reverse to the feed 


is provided or use when required. 


A constant cutting arrangement can be incorporated 
so that as the tool approaches the centre the speed 


of the spindle in r.p.m. automatically increases. 
& T 9 LAT Ki F Maximum diameter admitted 18’, 30” or 48”. Hi- 
Pre 
Write today and ask for a Swift ‘T’ catalogue Lathe. 
for hydrauli § LT 
or hydraulic GEORGE SWIFT & SONS LID, 


e HALIFAX - ENGLAND 
copy forming 
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Sales & Service for... a maim D-ASOU ITH ... the British Isles 
DRUMMOND-ASQUITH (SALES) LTD... KING EDWARD HOUSE, NEW ST., BIRMINGHAM D| 
‘Phone : Midland 3431 (7 lines) ‘Grams : Maxishape, B'ham Also at LONDON : Phone : Trafalgar 7224 (5 lines) and GLASGOW : ‘Phone : Central 3411 ‘Phi 
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ee **B"’ Type 2-ton Bench The modern 
Press, 


HYDRAULIC PRESS 


for a wide variety of applications from 0.7 tons 
up to 300 tons capacity 





Hi-Ton 150-ton Open Throat 
Drawing Press. 

All Hi-Ton Hydraulic Presses are designed to 
give any required pressure from zero to the 
maximum of the press, the pressure being 
predeterminable by an _ adjustable pressure 
control valve. All types are entirely  self- 


contained and in the case of the presses from 
Hi-Ton 75-ton Press equipped 





with hydraulically operated 2 tons upwards, the upper half of the body 
loading equipment enabling 
bars to be loaded onto the forms the oil reservoir and houses the pump 
straightening equipment out- 
ee OE Ue OF Ge which is completely immersed in this sump. 
; Hi-Ton HTR.20 Riveting Unit 
These presses are operated by a light, sensitive consisting of pump unit and 


cylinder assembly. 
foot control lever (hand control is optional), a 


gate being fitted for cases where it is necessary 








to maintain full pressure for short periods. 
A direct reading pressure gauge graduated in 
tons on the ram indicates the pressure being 


applied to the work. 


Write to-day for details of Hi-Ton 
Presses and mention the type of 


} ication in which yo 
Hi-Ton Indexing Table Machine presswork application in which you 


: é . Hi-Ton 100-ton Planishing 
with two down stroking rams are interested. Sven 
each of 15 tons capacity. : 


Sales & Service for... DRUM ot ce D-ASOU ITH ... the British Isles 














DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 


‘Phone » Midland 3431 (7 lines) ‘Grams : Maxishape, B'ham Also ct LONDON : Phone: Trafalgar 7224 (5 lines) and GLASGOW : ‘Phone : Central 3411 
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NOZZLES 











outlast them all 






Seeing is believing ! 





The photographs below 





show the results of a comparative 





test made between a Tungsten Carbide Nozzle 








and a Carbon Tetra 
Boride Nozzle 

The 3,” bore Tungsten 
used with carborundum Carbide Nozzle was 


worn to this condition 
in tzo weeks. 





shot at an air pressure of 





75-100 Ibs per sq. inch. 





The jj,” bore Carbon 
Tetra Boride Nozzle 
with tapered lead-in was 
worn to this condition 





in eight weeks. _ pager 
Glostics Ltd 
AGENTS - IMPREGNATED DIAMOND PRODUCTS LTD \! 


TUFFLEY CRESCENT - GLOUCESTER 
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And thus are dividends earned, and reserves accumulated. 


But the operation of a realistic policy of re-equipment on/y starts with the decision to 
scrap. The best new machines to replace the old must be ordered in good time. 


When the machines in question are as universal in application 
as boring and turning mills, and are among the best of their 











4 kind, and reasonably priced, they will most certainly be in 
4 good demand. 
4 That’s the case with Webster and Bennett Boring Mills. 


Having earned a world-wide reputation for honest-to-goodness 
value and fitness for purpose, demand frequently outstrips 
supply, and unless replacement orders have been placed well 
in advance, re-equipment may be delayed. 





In your own interests, ask us about replacements NOW. 


G This is a Webster and Bennett W. 
4 Boring and Turning Mill with a Y 

36” diameter chuck. Other stan- an 

dard sizes available have 48” and Z 

60” chucks. The largest mill avail- v/ 

pu able has a 72” chuck and will it U 
YG swing 80”. i Wi 
Va Wt Ce. a Ca Cs We Wz Ws a UUs ts Ua. U. Le oy \Y “AAA 


WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 


When replying to advertisements please mention the Journal 
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TODAY’S PROBLEMS IN INDUSTRY 


Avoiding Waste 





The zinc die castings shown here were cast nearly, if not exactly, to their final form with practically 


no waste. If they had been machined from bar stock each would have yielded a high proportion 
of scrap — saleable, yes, but at a considerable loss. Where the quantities are sufficient — and here a 
die caster’s advice must be sought — die casting in zinc alloy can lead to economy in many com- 
ponents like these. As the illustrations show, slots and lettering can be cast in with no need for 
additional processes. External threads are easily cast but internal threads are often machined where 
this is quicker than unscrewing cores. In addit‘on strength is good and dimensions are closely held 
so that only fast, simple finishing operations are needed. The die caster remelts the sprues and 
runners and thus hardly any surplus metal remains to be disposed of. Cases like these prove that die 


casting in zinc alloy is the shortest distance between raw material and finished product. 


Write for list of members and publications describing the properties and uses of die castings to :— 








” ZINC ALLOY DIE CASTERS ASSOCIATION 
[ZADBA) 
34 Berkeley Square, London, W.1. Telephone: GROsvenor 6636 
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FEATURES 


ACCURACY: Provides excellent repeat accuracy throughout 


range of adjustment. Voltage, temperature and atmospheric 


pressures have negligible effect. 


WIDE RANGE OF ADJUSTMENT: Quick, easy adjustment 


between 0.2 seconds and 3 minutes. 





At the heart of automation... 
SQUARE D 
w Timing Relays 





You can be sure of Square D’s Class 9050 
timing relays—for the dependability and 
reliability that automation demands! Their 
outstanding design and sturdy construction 
provide accurate, trouble-free timing for 
automation machine control sequences, pro- 
cess industry operations, conveyor systems 
and a host of other industrial applications. 


Performance proved in America’s foremost 
manufacturing plants, these timing relays are 
now MADE IN ENGLAND and available 


“off the shelf” 











FLEXIBILITY: Invertible magnet design enables quick and easy 
conversion from time delay after energization to after de- 
energization or vice versa. Only one type needs to be stocked. 
Auxiliary switches, actuated directly from the timer magnet, are 


available on assembled timers or can be added later. 
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FIELD OFFICES: 
Birmingham: 
72a Queen’s College Chambers, Paradise 
Street. Midland 4212 
Manchester: 
4 Minshull Street, 1. Central 9757 
Glasgow: 
235 Bath Street, C.2. Central 3260 
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5-L-1-D-I-N-G__B-E-D 
LATHES 


When those awkward outsize jobs come along 
in your machine shop, what do you do about 
them? Do you farm them out and so lose 
time and money in each case? Why not do 
the right thing in future by putting them on to 
a machine of flexible design? The Lang 30in 
swing Sliding Bed Lathe will actually accommo. 
date work up to 4ft. 8in. dia. 











JOHN LANG & SONS LTD. :ssottotnsi saci 
JOHNSTONE NEAR GLASGOW I GROSVENOR. GARDENS MI 
Phone JOHNSTONE 400 

















The Institution of Production Engineers Journal XXXVH 


i 
| 
i 


1) Zw | 











No. 3C CAPSTAN LATHE 


FITTED WITH 200 mm. 3-JAW AIR CHUCK 














a ] 
| Tool Postion | Spindle Surface Feed 
DESCRIPTION OF OPERATION | | | Speed Speed Cuts 
Hex. Turret | Cross-slide | R.P.M. Ft. per Min.| perinch 

















1. Chuck on 9/dia. - - - - - | 
2. Double Face - -~— - 

3. Rough Bore 13”, Turn 2” and 543” dia. | 
4. Bore inside Rim and Radius Boss - 
5. Turn Boss and Angle Face (2 cuts) -| 
6. Finish Turn O/dia. Face & Chamfer Boss | 
7 
8 
9 
0 


— 4 


| Rear 260 405 Hand 
a 405 125 
Lo 515 125 
Sm SS) S 


— | | 
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Tungsten Carbide Cutting . Reverse Component in Chuck Jaws -; 





Ja) u| aen—| | 


Tools ” ” A: 
Bore 12” and 12” dias. - - — | 125 
‘ Rough and Finish Face - - - Front | f 260 | 405 {4 438 
CAST IRON . Microbore 13” dia. - - -~— = — 954 | 343 125 
CASTING 10. Remove. 
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Floor-to-Floor Time: 6 mins. each 
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BIRMINGHAM 29 
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Churchill 


Churchill machines have set the standard for Universal Grinders due to their simplicity, combined 
Built in various swing and length 


with versatility and general efficiency on a wide range of work. 
capacities, the machines are readily adaptable for external and internal grinding and have full 


adjustments for taper and face grinding work. 


THE CHURCHILL MACHINE TOOL COMPANY LTD., BROADHEATH, Nr. MANCHESTER 


Export Sales Organisation : Associated British Machine Tool Makers, Ltd.. London, Branches and Agents. 


Home Selling Agents : Charles Churchill and Company. Ltd.. Birmingham and Branches. 
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THE NAME THAT CARRIES THE WEIGHT 


Over the years the name Rawlplug has become internationally 
synonymous with efficient fixing in every kind of material. Rawlplug 
Fixing Devices and Tools provide firm, safe fixings in far less time 
than by any other method. If you have a fixing problem, please write 
to our Technical Service Department for free advice. 









RAWLPLUGS * RAWLTOOLS * RAWLBOLTS * RAWLTAMPS * RAWLNUTS * BOLT ANCHORS - SCREW ANCHORS * WHITE BRONZE PLUGS * RAWLTOGGLES 
RAWLCLIPS * CEMENT IN SOCKETS * DURIUM DRILLS AND HOLE BORING TOOLS FOR HAND, ELECTRIC HAMMER OR PNEUMATIC HAMMER OPERATION 





BEFORE USE AFTER 6/700 HOLES 
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Registered Trade Mark 














Here is one of the many unsolicited testimonials 






showing the amazing performance of Durium 






Tipped Drills, the fastest cutting masonry drills 





ever made. Correctly used, Durium Drills are 






ies a ok. unique for reliability, speed and long life. 







Descriptive folder gladly sent on request. 
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THE RAWLPLUG COMPANY LTD., CROMWELL ROAD, LONDON, S.W.7. 










Precision Automatic Model 1.h. 


FOR RAPID PRODUCTION AND 
CLOSE ACCURACY 


Largest dia. of component (Steel) 275 
Largest dia. of component distil 

Alloys) ne = ae 3937” 
Maximum length of component ... 2.952” 


Spindle speeds oe 1980—8000 r.p.m. 
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Precision Gear Hobbing Machine Model W.1. 


MODERN DESIGN - EASY SETTING | 
PRECISION WITH EFFICIENCY... 


Magazine Feed Attachment 

Maximum gear dia. ae ants 2.480” 
Maximum face width Ste = 1.575” 
Maximum pitch module |, _ 1.0 


9 cutter spindle speeds from 490—2509 t.p.m. 








Precision Automatic Model G.M.12. 


VERSATILE IN USE - SIMPLE IN 
SETTING 


Largest dia. of component, round 511” 





Maximum length of component 3.937” 
Working spindle speeds 1000—10000 r.p.m. 





The Selson Machine Test Co. Ltd 


CUNARD WORKS, CHASE ROAD, NORTH ACTON, LONDON, N.W.10 B00 
Telephone: Elgar 4000 (10 lines) Le es a a a segeseess 
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THE HOOVER FHP MOTOR IS Hoover F.H.P. Motors have won universal recognition 

IDEAL FOR USE IN: in industry for power, precision and performance. 

Refrigerators - Washing Machines Built around one basic design, incorporating all the 

Pumps + Lathes - Oil Burners - Milking . : . 

lies > Canpon - Clie Mace latest engineering developments, this compact Hoover 

inery * Air Compressors + Butter Churns ‘fractional’ is quiet, free from vibration, and has 

Drilling Machines - Stokers - Coffee : : . 

Grinders - Shallow Well Pumps - Milk an exceptionally effective cooling system. 

Coolers + Grinding Wheels - Labelling ei . 

ik: Ac’ Coda fom Competitive in price, all Hoover F.H.P. Motors 

Circular Saws « Bottle Washers - Produce are backed by the unique Hoover service plan. 

Graders - Sewing Machines - Bacon : : i 

Slicers - Carton Stitchers Ete. For full technical information please write to : 


al 
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HOOVER LIMITED 


Industrial Products Department - Cambuslang - Lanarkshire - Scotland 
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THE NEW SCRIVENE 
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For continuous high production of precision 
ground parts the Scrivener feature of con- 
trolled cycle plunge grinding offers special 
economy unattainable by any other grinding 
method. 

This example illustrates typical production. 
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10623" dia 2 19373" dia. 
10619" 1.9368" 


2 dia dia. | 
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Stub Axle. Plunge grinding two dia. 
(+0.0002”) and two 
tapers (to gauge) magazine 
feed. 


——— 


Y 

C Total time. 30 econ = ow 
per hour. Stock remove: 

y/ 0.012” to 0.015” in two 


passes. 
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FACTORED MACHINE DIVISION, FLETCHAMSTEAD HIGHWAY, COVENTRY 
Telephone : Coventry 40351 





Centreless Grinding Machine 


The largest machine in the Scrivener range, this new 
Centreless Grinding Machine was introduced at the Inter- 
national Machine Tool Exhibition, and received wide appro- 
bation. 


Employing the Scrivener system of controlled cycle operation, 
it demonstrated the plunge grinding of a stub axle in a total cycle 
time of 30 seconds (for two operations). 

Scrivener machines incorporate, in addition to features for 
straight-through or hand-operated plunge grinding, a system for 
semi- or fully-automatic controlled cycle operation. By adopting 
the latter method, very economical mass production rates can be 
achieved, the machines feed, grind and eject in sequence and 
can be incorporated into automatic production lines. 


The complete range comprises: 


Model No. 1D No. 2 
rinding wheel dia. and width 


opening new 
wheels... ... 0 we vss | 24" #2" | 6" #4E" 1 9” #9” 





*Machines with controlled cycle operation. 
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The Challenge of the Age 


by C. T. BRUNNER. 











Director — Marketing, Shell-Mex and B.P. Ltd. 









N the opening article of this series; Mr. E. W. Hancock, M.B.E., President of 

the Institution, writes of the challenge presented to industry by the increasing 

tempo of technological change and lays down (rightly, as T believe) some of the 
conditions of future economic progress. 

The widening achievements of science, and in particular such developments as 
automation, will undoubtedly set a still faster pace in the future and this will have 
far-reaching effects upon the processes of production and the responsibilities of the 
production engineer. 

Others, no doubt, will have much to say on these topics. I rather welcome this, 
however, as an opportunity to invite the production engineer to look at processes 
with which he may be less familiar. For I want to suggest that if the end product 
is to be a higher standard of living, the assembly line ends not at the works exit but 
at the point where the product reaches the consumer. 

What concerns me is the fact that unless productivity in distribution at 
least keeps pace in the future with productivity in manufacturing processes, 
the achievements of the production engineer may be largely nullified. 
I think it is being widely recognised that the distribution facilities available affect 
not only the design and quality of the products that can be marketed ; they may 
determine whether or not a product can be placed upon the market at all. And 
unless we constantly increase the efficiency of our distributive processes, it means 
that we are using man-power in distribution which should be directed partly to 
increasing production and partly to the vital technical training and_ productive 
research of which your President speaks. 

The business of my Company is marketing. We are responsible for selling 
in the U.K. market the petroleum products refined in this country or imported from 
abroad by two major groups in the oil industry : Shell and B.P. We are, therefore. 
in a position to influence only a small part of the total costs incurred in the long 
and complex chain of exploration, production, ocean transportation, refining and 
final distribution to the consumer. Our costs are almost entirely in the field of 
distribution, but nevertheless we have found that considerable and worthwhile 
economies can be achieved by consistent study of our organisational structure and 
the way we do things. Since the War we have, as a Company, undertaken a 
complete reorganisation and. resulting from this, we are able to claim that 
productivity has increased to a marked degree, particularly in terms of man-power 
employed in relation to the volume of trade handled. Over the past six years. the 
annual tonnage sold by the Company per employee on the payroll has considerably 
more than doubled. 

Our products were formerly distributed from a large number of small local 
depéts. supplied mainly by rail from larger points situated on the coast and on the 
main waterways. The effective radius of the old-type depét was determined largely 
by the limitations of horse transport. This was a network designed for a situation 
in which most of our products were imported from abroad in their finished state. 
With the tremendous post-War development of refineries in Britain a new pattern 
became necessary, based not on importing points but on the refineries which are now 
the principal sources of finished products, and taking full advantage of the greatly 
increased radius of road transportation which is now possible. From the refineries 
the products are distributed, not to the old network of small depdts but to fewer and 
larger depdts, each carefully sited and planned. These depéts. wherever possible, are 
linked to the main sources of supply by water transport. 
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The new depéts and their equipment are designed to achieve the maximum 
economies obtainable from large-scale operation. Their storage capacity is greater 
and can be increased to cover future expansion of trade, layouts are simple, leading 
to economic manning, and the loading of bulk vehicles has been speeded up by 
modern loading facilities and the use of meters. For packed products, mechanical 
handling has been introduced. 

In these new depots, the offices are up-to-date and well equipped and clerical 
productivity is regularly reviewed. During the past two or three years it has 
substantially increased, partly as the result of the improvement in working 
conditions, but mainly because of greater attention paid to organisation and the 
methods and procedures employed. 

Delivery vehicles of greater carrying capacity have been introduced to permit 
the delivery of larger loads and the maximum use of vehicle time. Larger loads 
are an important means of achieving economy in distribution. The planning of a 
delivery schedule in larger loads can substantially benefit both producer and 
consumer. and for this reason we use every means of encouraging our customers to 
order in advance and to take large loads. 

A Vital Factor 

In many operations in distribution, time is a vital factor and this is why we 
welcome every device we can use for speeding up communication between different 
points of our organisation. Such devices can sometimes cut out an intermediate 
process or save an unnecessary journey. In certain jobs, such as the bunkering of 
ships or the refuelling of aircraft. radio control has made possible the more 
economic routing of craft and vehicles and increased the speed with which deliveries 
can be made. 


‘ 


This system of bigger depdts, bigger vehicles, and bigger loads has brought its 
own problems with it — of bigger responsibilities for our staff throughout the 
Company. To be able to cope with these problems, staff must be trained. It 
is no longer enough for them to know their own jobs. Nowadays, with increasing 
specialisation, it is more difficult for many of them to see where their jobs fit in 
with those of others. We have, therefore, built up a programme of staff training 
that includes both technical subjects and those management skills which are 
becoming increasingly important with the growth of large organisations. 


Our residential staff training centre in Hertfordshire has a full programme 
of courses. Some of these are for new entrants and serve as a general introduction 
to the Company, while others are for staff with more experience. In these courses, 
films and contributions by the training staff are used in conjunction with talks by the 
Company's experts on sales. physical operations and administration, so that current 
experience and thinking are embodied as far as possible in the instruction given. 


A New Pattern of Organisation 

To carry out such an extensive programme and to meet the needs of our 
changing market we have had to abandon many of the old and established ways of 
thinking. In particular, it was clear that a new pattern of Company organisation 
would have to be created. 


Expansion was foreseen and it was realised that our original pattern of 
organisation was one that would be outgrown at a relatively early stage. 


The new pattern was, therefore, based on two fundamentals: _ first, 
decentralisation ; and secondly, the ‘contracting out’ of many of those ancillary 
matters which can divert the attention and energies of an organisation from its 
true function, in our case marketing. 


Decentralisation is being progressively achieved by the delegation of authority 
down a short and direct line of command to our geographical ‘ Divisions’ and 
‘Branches’. The function of Head Office has become largely a ‘staff’ one of 
controlling and guiding with specialist advice the line commanders in the field. 
The principle of contracting out has been successfully applied to many aspects of 
our business, particularly in the maintenance of motor vehicles and other equipment, 
and has incidentally made it possible to divert a greater part of available capital 
to projects directly related to our prime function of marketing petroleum products. 

I am aware that this article may have led some production engineers over 
unfamiliar ground. The essential point that I want to bring out, however, is that 
it is the same challenge that has to be met by all those responsible, from the 


(continued on page 88) 
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THE DEVELOPMENT OF 


TECHNOLOGICAL EDUCATION 


IN EUROPE, AMERICA AND ENGLAND 


by Dr. B. V. BOWDEN, M.A., M.LE.E. 


Presented to the Institution in Manchester, on 14th November, 1956. 


Dr. Bowden was appointed Principal of the College of Technology (now 
the College of Science and Technology) in 1953. 
three years with the Ferranti company, introducing digital computers to the 


English market. 


Throughout the Second World War, he was engaged in radar research, 
and immediately after the War, he joined the firm of Sir Robert Watson Wait 


and Partners, Consulting Engineers. 


From 1931 to 1934, Dr. Bowden worked in Cambridge, in association with 


Lord Rutherford. 


T is astonishing how slow we have been in this 

country to follow the advice and heed the warnings 
of our great men. In 1570 Sir Humphrey Gilbert 
tried to found an academy where men could “try 
out the secrets of nature.” He said that “there 
should be no gentleman in England but is good for 
somewhat, whereas now the best part of them are 
good for nothing.” He admonished his countrymen 
to eschew foreign luxuries and to exploit their crafts- 
manship. Sir Francis Bacon found it strange that “ all 
the Colleges are dedicated to the professions (Law, 
Medicine, and the Church) and none to the Arts and 
Sciences at large . . . It is esteemed,” he said, “a 
kind of dishonour to learning to descend into an en- 
quiry upon matters mechanical.” He tried to establish 
a great institution (to be called Salomons House) for 
the advancement of science and technology; he in- 
sisted that the purpose of knowledge should be to 
gain “ power over nature”, though the universities 
obstinately ignored the application of science to 
ordinary life. Had it not been for the outbreak of 
the Civil War, the Government might have founded 
some such institution, and created a university in 
Manchester. If King Charles the First had not lost 





He had previously spent 





his head, there might have been a_ technological 
institution in Manchester 300 years ago. 


Throughout the 18th century English universities 
became completely detached from __ practical 
affairs; they confined themselves almost entirely 
to the study of ancient texts and only 16,000 students 
went to Cambridge in the whole of the 18th 
century—less than half as many as had been there in 
the preceding 100 years for, as a contemporary 
remarked “ intelligent persons could not fail to observe 
that the subjects to which their attention was directed 
had no relation to any profession or employment 
whatever, and that the discussions connected with 
them had no analogy to those trains of thinking that 
prevailed in the ordinary intercourse of society ”. 


After Newton left Cambridge the study of mathe- 
matics in the university was sadly neglected. When 
Thomas Young went up in 1798 after some years in 
Gottingen he was “ashamed to find how much the 
foreign mathematicians have surpassed the English 
in the higher branches of the sciences”. Ten years 
later Babbage found, as a self-taught undergraduate, 
that he knew more algebra than his tutor. 
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In Oxford the classical authors were unchallenged ; 
Aristotle reigned supreme in philosophy, science was 
entirely ne glected, and the exercises and examina- 
tions wore all the appearance of a solemn farce. 

‘In the universities” wrote Adam Smith in The 
Wealth of Nations, “the youth are neither taught, 
nor always can find proper means of being taught, 
the sciences which it is the business of those in- 
corporated bodies to teach”. No wonder Hobbes felt 
impelled to say “If I had read as much as other men, 
I should have known no more than other men”; 
and that Gibbon should have regarded his university 
career as the most idle and unprofitable period of his 
life. 


The First Chair of Chemistry 

Cambridge University appointed its first Professor 
of Chemistry as long ago as 1702 ; this was the first 
Chair of Chemistry in England and it was awarded 
(without a stipend) to an itinerant lecturer who had 
been giving courses in the university for some years. 
His laboratory was a small room in Trinity College. 
but his successor had to work in a room that had 
been abandoned by the University Printer in 1716 
and that “was of no use to the University for any 
other purpose”, One can assess the importance that 
the university attached to experimental science in 
those days from the career of Richard Watson, who 
became Professor of Chemistry at the age of 27 in 
the year 1760. He said when he was appointed that 
he knew nothing at all of chemistry and had never 
read a syllable on the subject nor seen a single experi- 
ment in it. He sent to Paris for an “Operator” and 
studied for a year before he felt qualified to lecture, 
but his most important achievement was to persuade 
the authorities to give him a salary of £100 a year. 
After seven years as Professor of Chemistry, Watson 
was translated to the Regius Chair of Divinity. He 
afterwards became Bishop of Llandaff and made a 
considerable fortune from a new method of manu- 
facturing gunpowder.* 

We may smile at our ancestors, but only 20 
years ago Bertrand Russell attributed the bitterness 
and cynicism of many university students to their 
“consciousness that their work had no real import- 
ance”, and an Oxford Don found that “many 
thoughtful undergraduates are growing very weary 
of pursuing half-heartedly a course of study that they 
know to be none too good, and vaguely attempting 
to supplement it with occasional gems picked up from 
the side-shows ” 

If one were to judge the university courses in 
engineering in England 30 or 40 vears ago by 
the comments of some of the most successful engineers 
in this district to-day, one might almost believe that 
the universities had been little more use to them than 
Oxford was to Gibbon. It would be a mistake to 
assume too confidently that they are all above 
criticism today. 





* The Cock Inn in the village where Watson was born was 
rechristened “The Bishop of Llandaff” in his honour. 
A neighbouring publican adopted the name of the “ Cock ” 
and indignant local pride was responsible for the notice 
which was so famous in the Lake District for many years. 


“ The Bishop of Llandaff is the real old Cock.” 





Despite the indifference of the old universities, 
many Englishmen made great efforts to encourage 
science and the new learning. Several learned 
societies were founded, the most famous of which is, 
of course, the Royal Society of London, which 
originated in the meetings of Gresham College. The 
Lunar Society of Birmingham was frequented by 
Boulton and Watt, Wedgwood and Erasmus Darwin, 
who defined a fool as “a man who has never done 
an experiment in his life”. The Royal Society of Arts 
played a most important role in developing science 
and agriculture and was patronised by merchants, 
manufacturers and nobility alike. When Dr. Johnson 
tried to speak there, he found that the company was 
so distinguished that all his flowers of oratory forsook 
him. 

Because the universities refused to admit students 
who were not members of the Church of England, 
the Dissenters (particularly the Quakers) established 
several academies; most of them have long since been 
forgotten, but they provided education of the highest 
standard at a time when the English universities were 
nearly as palsy-stricken as the Church. 

In the academies the terms were longer and the 
syllabus of lectures was much heavier than at Oxford 
or Cambridge. None of the academies neglected 
science. During the latter half of the 18th 
century and the whole of the 19th century, a 
man had about 30 times more chance of being 
elected to the Royal Society if he were a Quaker or 
of Quaker descent than if he belonged to the general 
population. That great chemist Joseph Priestley 
taught in Warrington Academy (near Manchester) 
which became known as the Athens of the North: 
for 30 years or more it exerted a greater influence 
than either of the old universities. Priestley was in 
Warrington when Richard Watson was Professor in 
Cambridge. 

The Manchester Literary and Philosophical Society 
was founded in 1781 by Dr. Percival who had been 
the first student to enrol in Warrington Academy. 
Later in life he helped to establish a College of Arts 
and Science in Manchester. John Dalton taught in 
the Dissenters’ Academy in Mosley Street, Man- 
chester, and was very closely associated with our own 
Mechanics’ Institute; he was President of the Man- 
chester “‘ Lit and Phil” for many years. The Society 
played a most notable part in promoting both science 
and technology and did so by bringing them and their 
exponents together. Joule, who discovered and 
measured the mechanical equivalent of heat, was a 
member of the Society; so were Roscoe and Robert 
Owen (the father of English Socialism) as well as 
Playfair and Calvert, both of whom became famous 
as chemists before they made their fortunes in 
industry. 


Science Teaching in America 

Other frustrated Englishmen tried to develop the 
teaching of science in America during the 18th 
and 19th centuries, and endowed professional 
chairs at Harvard and Yale. The largest “ bevatron” 
in the world to-day is in Berkeley, a city in California 
which owes its name to an English bishop, who tried 
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in 1730 to found an enlightened university in America 
to do what the old establishments had failed to do in 
this country. 

The English public schools, like the universities, 
were slow to shake off the traditions of the Middle 
Ages; apparently some of them have failed even yet 
to realise that it can be more important for a school- 
boy to understand something about the tools of 
modern industry than it is for him to learn about 
Jupiter's love-life. or to study the properties of Greek 
and Latin verbs which, to the delight of the 
pedagogue, are irregular to the point of impropriety 
in their behaviour. 

‘This extraordinary failure of our educational system 
led to a most extraordinary result. The industrial 
revolution made this country rich and great; the 
technological developments that were responsible for 
it are our greatest national contribution to the wealt! 
and welfare of mankind, but it was made almost 
entirely by self-taught men, by Dissenters who were 
kept out of the universities by statute, and by students 
who had been to private academies. For nearly 100 
years the most important technological developments 
in this country were made quite independently of 
the universities and sometimes in the teeth of hostility 
from both University and Church. 


Attitude of the Ruling Classes 

Jane Austen’s novels show how the ruling classes 
despised and ignored the industrialists and merchants 
whose efforts had produced the wealth upon which 
the whole country depended. Educated men 
apparently thought that inventive genius and tech- 
nological progress were bound to happen quite 
naturally in England, and that it was right and 
proper that the gentry should profit by them and 
qualify themselves to do so by studying the literature 
of ancient Rome. “In England,” wrote Babbage 
about 1830, “those who have hitherto pursued 
science have had no very reasonable ground for com- 
plaint, for they should have realised that there was 
no demand for it, and that it led to little honour, 
and less profit. It is lamentable that a country, 
eminently distinguished for its mechanical and manu- 
facturing ingenuity, should be indifferent to the pro- 
gress of inquiries which form the highest departments 
of that knowledge on whose more elementary truths 
its wealth and rank depend.” 

The industrial north was then in an intellectual 
ferment; skill and productivity in manufacture in- 
creased faster than they had ever increased before in 
the history of the world. In less than a century an 
area about 50 miles in radius centred on Manchester 
became the workshop of the world, but the official 
educational system of the country remained sunk in 
complete stagnation or devoted itself to those sophisti- 
cated intellectual exercises which produced the 
Oxford Movement*. 

In 1824 half a dozen Manchester business men 





* “A knowledge of education is the common property of 
civilised Europeans with the exception of the Southern 
English, and the English Governing Class” 

Sir William Mather. 





founded the Mechanics’ Institute from which our 


College has grown; 30 years later John Owen 
founded the University of Manchester in Richard 
Cobden’s house in Quay Street. 

But what has been happening abroad in the 
l8th and 19th centuries? Other countries 
were envious of the prosperity the Industrial 
Revolution brought to us, and were determined to 
overtake us. ‘They had already unproved the quality 
of instruction in their universities and schools; these 
were to be the instruments of enlightenment. 
Germany took the lead in introducing science into 
her universities ; our own King George II founded 
the University of Géttingen in 1734 and from the 
first it had a flourishing Faculty of Science. Several 
other modern universities were founded at about the 
same time in other parts of Germany. 

Although the Continental universities accepted 
science readily enough, many of them were unwilling 
to teach technology. Continental governments refused 
to be influenced by academic prejudices against the 
subject and so they founded a series of special 
institutions to perform the vital functions for which 
the universities had refused to make themselves 
responsible. 

Technological institutions were founded — in 
Brunswick in 1745, in Freiberg in 1756 and in 
Clausthal in 1775 ; these were really superior “ cratt 
schools“, and the first technological institution of 
university rank was the Ecole Polytechnique. which 
the National Convention had to establish in Paris in 
1794 because the French universities were devoting 
themselves at that time exclusively to library and 
abstract studies. Ever since then “ Polytechnicians ” 
have dominated French industry and much of the 
civil service. 

The Technische Hochschule in Berlin was founded 
in 1799; the School of Structural and Civil 
Engineering, which was the first part to open, under- 
took the practical and theoretical training of 
surveyors and engineers. The curriculum taught 
there in 1800 includes many subjects that are studied 
in a modern school of civil engineering. Some of the 
leading engineers in Germany were appointed to the 
staff of the College, for the authorities knew that 
unless they had adequate scientific knowledge the 
students of the Hochschule would not be engineers 
at all, but only craftsmen ; moreover, the Prussian 
Government founded a Trade School of Crafts and 
Professions in 1821, so that the Hochschule could 
concentrate entirely on advanced work. Nevertheless, 
the University of Berlin would not admit engineering 
to its curriculum because the other faculties con- 
sidered that it was “non-scientific”. In 1875 the 
Hochschule was granted a Charter and it then 
amalgamated with the old “trade school”, which 
had ceased to concern itself with elementary work. 
This great institution achieved complete equality with 
the other German universities before the end of the 
century. In 1930 it had 4,500 students and there 
were then more than 22,000 full-time students in the 
other Technische Hochschulen in Germany. There 
were about 4,500 university students of technology in 
this country in 1930. 
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Technical Universities 

Much confusion and some difficulty have been 
caused in England by the popular misconception that 
the Technische Hochschulen can be described as 
“Technical High Schools”. They are in fact, as 
we shall see, Technological Universities of a type 
which does not exist in this country. In America 
they are usually called “ Institutes of Technology ”’. 
The distinction between a ‘“ Hochschule” and a 
“ Universiteit ” has nothing to do with technology as 
such — there are Hochschulen for agriculture and 
economics, for example. ‘The institutions have the 
same intellectual standards and may be the same size. 
A “Hochschule” has less than four Faculties, a 
“ Universiteit” must have four or more. 

When the Great Exhibition of 1851 showed this 
country what foreign industry could do, we had to 
realise that we no longer had a virtual monopoly of 
skill in manufacture, although the superior ability 
of our engineers and craftsmen was still complacentiy 
taken for granted ; many of our industrialists learned 
for the first time that they would have to meet strong 
competition from abroad. German and American 
engineers were available in large numbers and it was 
plain that “no further triumphs awaited mere vigour 
undirected by knowledge ”. 


Introduction of Reforms 

The University Commission of 1850 began the very 
necessary reforms of our educational system, Oxford 
and Cambridge were slowly recovering from the 
intellectual ebb of the previous century ; less than 
400 students matriculated in either University that 
year and the only other university education to be 
found in England was in the two Colleges in London 
and one in Durham. Mathematics in Cambridge was 
triumphantly resurgent, but it was not until 1861 that 
undergraduates were able to take the National Science 
Tripos, and the University had no laboratory for the 
experimental study of physical science until the 
Cavendish Laboratory was opened in 1874 by James 
Clerk Maxwell *. 

The anxiety of our industrialists and the enterprise 
of the Prince Consort led to the suggestion that an 
Industrial University should be founded in this 
country ; the profits of the Great Exhibition were 
used to buy those estates in Kensington where the 
Imperial College now stands. The Trustees were 
required “to increase the means of industrial educa- 
tion, and to extend the influence of science and art 
upon productive industry ”’. 

Nevertheless, despite all that the Prince and the 
Commission could do, other countries were still pro- 
gressing much faster than we were. 

There were six Universities in Holland, most of 
which had Faculties of Science, but the University of 
Amsterdam refused to teach Engineering or even to 
admit that it was a subject which could properly be 
taught at university level elsewhere, so the Govern- 





* Members of Senate maintained that because many 
university lecturers were ordained clergy of the Church 
of England, it would be impious of undergraduates to 
demand experimental verification of the theory they 
learnt in their classes. 





ment of the Netherlands founded a Technische 
Hochschule in 1870 in Delft to provide courses in 
science and technology. The institution achieved 
“university status” in 1905, and it received a new 
Royal Charter in August, 1956, There are now more 
than 5,000 students in Delft, but despite a magnificent 
building programme which has been undertaken since 
the end of the war, it is so overcrowded that another 
‘Technische Hochschule is to be established in Eind- 
hoven next year, in order to help to educate about 
11,000,000 Dutchmen. 

The Technische Hochschule in Zurich was founded 
in 1855. It now has 2,700 undergraduates ; about 
as many as the Imperial College, London, Manchester 
College of Science and Technology and the Royal 
Technical College, Glasgow, put together. The 
population of Switzerland is only 5,000,000 — about 
as many people live within 25 miles of Manchester, 
yet there are half a dozen universities in Switzerland, 
most of them have flourishing faculties of science ; 
the great school in Zurich concerns itself with both 
science and technology’. The skill of their engineers 
has enabled the Swiss to achieve a standard of living 
which is second to none in Europe. 

The early American settlers attached great 
importance to university education. At the beginning 
of the American War of Independence there were 
nine universities in the States ; we then had two, and 
we had to wait for an American to found the Royal 
Institution “to facilitate the general introduction of 
useful mechanical inventions and improvements and 
teach the applications of science to the common 
purposes of life”. The Federal American Govern- 
ment granted land to endow a university in each 
state and expected in return that these institutions 
would play their proper part in the development of 
the techniques upon which the prosperity of the 
country depended. Most American universities (as 
distinct from their Liberal Arts Colleges) have 
engineering schools. Nevertheless the Americans were 
influenced by developments in Europe and_ they 
established several special institutes of technology, of 
which the most famous was founded in 1861 by 
Barton Rogers in Cambridge, Massachusetts*. There 
were 1,200 students there by the turn of the century. 
In 1951 M.I.T. had 3,000 undergraduates and 2,000 
postgraduate students. In the same year (1951) only 
270 postgraduate degrees were awarded in the whole 
of England in all branches of technology. 


The Most Serious Struggle 

The lessons of the 1851 Exhibition were driven 
home yet again at the Great Exhibition in Paris in 
1867; the English exhibits were described as 
“slovenly intruded heaps of raw materials mingled 
with pieces of rusty iron”. Many Englishmen then 
began to be seriously alarmed and in 1878 Thomas 
Henry Huxley wrote “We are entering now upon 
the most serious struggle for existence to which this 
country was ever committed. The latter years of the 





Einstein was a lecturer in Physics in Zurich when he 
announced his Theory of Relativity. 

Rogers knew and admired the Mechanics Institute in 
Manchester ;_ he called his new foundation Massachusetts 
Institute of Technology. 
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century promise to see us in industrial war of far 
more serious import than the military wars of its 
opening years. To those of us who remember the 
cotton famine and reflect how much more serious a 
customer famine could be, the situation appears grave.” 

There were then 25,000 university students in 
Germany ; we had only a fifth as many. Several 
more Hochschulen were founded in the ’70’s and 
educated Germans reached China in large numbers. 
Liebig remarked that “‘ Everywhere but in England 
it is regarded as necessary to incorporate science into 
university courses.” The German Government sub- 
sidised research in the Hochschulen, in universities 
and in industry ; long before the end of the 19th 
century the Germans led the world both in chemistry 
and in the manufacture of precision optical equip- 
ment, despite the fact that aniline dyes were 
discovered in England in the ’50’s, and John Dolland 
had made achromatic telescopes for the Duke of 
Wellington. The manufacture of organic dyes in this 
country was a flourishing industry for a few decades, 
but it declined and almost disappeared because British 
scientists and technologists showed no interest either 
in the technology of dyestuffs or in teaching and 
research in organic chemistry.* Huxley was familiar 
with the first of that melancholy series of scientific 
ideas which originated in this country and were 
brought to fruition abroad. 


An Unsuccessful Attempt 

To remedy this deplorable situation, John Scott 
Russell tried unsuccessfully in the ’70’s to persuade 
Mr. Gladstone to found a National University for 
Industrial and Scientific Training. Russell himself 
was an outstanding example of the academic turned 
engineer. He was Professor of Physics at 24; he 
then became an ironmaster and built the Great 
Eastern. He had graduated in Scotland — in those 
days the Scottish Universities were far more enter- 
prising than ours. Mr. Gladstone once declared that 
poverty was no concern of the House of Commons, 
so he could not have been expected to understand 
and sympathise with demands for expensive new 
facilities for technological education. Mr. Gladstone 
did nothing, and the prebendary of Durham obviously 
spoke for many of his countrymen when he remarked 
complacently that “the advantages of a classical 
education are two-fold ; it enables us to look with 
contempt upon those who have not shared its advan- 
tages, and it fits us for places of emolument, both in 
this world and in the next”. 

At the end of the 19th century an English 
ironmaster complained to Andrew Carnegie, “It is 
not your wonderful machinery, nor your unequalled 
supply of raw materials that we have cause to envy; 
it is something worth both of them combined, the 
class of young scientific experts who manage every 
department of your works. We have no such class 
in England.” We then had fewer universities in pro- 
portion to our population than any other civilised 
country except Turkey;+ once again it was proposed 





* The first Chair in Organic Chemistry was founded in 
Manchester in 1874. ‘ 
+ This astonishing fact was pointed out by Ramsay Muir 

in 1901. 


that an enormous technological institution should be 
founded to train engineers. John Stuart Mill suggested 
that the Church of England should be converted into 
a great Mechanics’ Institute, and Lord Haldane 
urgently counselled his countrymen to follow the ex- 
ample of their competitors — particularly the Ameri- 
cans and the Germans — before it was too late. He 
had been greatly impressed by the achievements of the 
Hochschulen. ‘‘ He would be a pedant,” he wrote, 
“who thought that education alone could determine 
the commercial position of a nation. Yet more than 
ever, as science tends increasingly to reduce nature to 
subjection, education becomes important . . . Courage, 
energy, enterprise, are in these modern days of little 
more avail against the weapons which science can 
put in the hands of our rivals in commerce than was 
the splendid fighting of the Dervishes against the 
shrapnel and maxims at Omdurman . . . Throughout 
the industrial world of Germany one finds science 
applied to practical undertakings by men who have 
learned it in the universities and Hochschulen . . . 
We are rapidly being left behind . . . The double aim 
of the German university system is pure culture on the 
one hand, and on the other the application of the 
highest knowledge to commercial enterprise.” 

The outbreak of the First World War showed all 
the allied nations how dependent we had become 
upon Germany for many of the most important pro- 
ducts of scientific manufacture; a note of alarm was 
sounded in this country, but nothing could be done 
at the time. Immediately after the War, the univer- 
sity population of Great Britain went up from about 
20,000 to 36,000; it remained approximately constant 
for the next 20 years. After the last War the 
shortage of scientists and technologists led the Barlow 
Committee to suggest that the number of graduates 
in these subjects should be doubled, and that in order 
to preserve the balance of the universities, all other 
faculties should increase correspondingly. Our univer- 
sity population is now about twice as big as it was 
before the war, but it is only too clear that we are 
still desperately short of scientists and technologists. 

No technological institution of university rank, 
comparable in size to the great European Hochschu- 
len, has been developed in this country, but engineer- 
ing schools have grown up in all our universities. 
This practice was deliberately rejected on the 
Continent, for the Continental universities themselves 
disliked the idea, and the authorities felt that the 
academic traditions of the universities might inhibit 
progress and prevent the free and proper develop- 
ment of these modern and “practical” subjects.* 
In Oxford University, for example, there are 14 





* The possibility of combining M.I.T. and Harvard was 
still being discussed 50 years ago (they are only a mile 
or two apart). The constitution which was then proposed 
for the amalgamated institution seems to have been in 
many ways similar to that which governs our own associa- 
tion with Manchester University. It is interesting to 
speculate on the possible development of this great 
Institution had this change been made. Harvard is like an 
English University in that it has a flourishing engineering 
school, but we have nothing in England like the Harvard 
Business School, nor have we anything to compare with 
M.I.T. 
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Harvard Graduate School of Business 


Administration — The Baker Library. 
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Harvard Graduate School of Business 
Administration — The Faculty Club. 
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Professors of History, 12 Professors ot Science, 
11 Professors of Classics and one Professor of 
Engineering. In Cambridge there are six Professors 
of Classics, eight Professors of History, nine Professors 
of Physics and Chemistry and five Professors of 
Engineering. The first Professors of Electrical Engin- 
eering and Chemical Engineering were not appointed 
until after the last War. Manchester University, al- 
ways enterprising, appointed its first Professor of 
Engineering in 1868, There are now three Professors 
of Engineering among the 18 Professors in the 
Faculty of Science. There are 23 Professors 
in the Faculty of Arts. Two years ago there were four 
Professors in the Faculty of Technology in this Coi- 
lege: we now have 10. In 1955 there were 65 
ordinary Professors in the Technische Hochschule in 
Aachen and eighty in Delft. 


Environs of Manchester College of Science 
and Technology. 


Enlargement of Existing Colleges 

The Government has been urged (particularly by 
Lord Cherwell) to found a completely new Institute 
of Technology, and a site near Ascot was once desig- 
nated for its development. After prolonged debate 
and discussion it was decided to enlarge three existing 
Colleges of Technology—Imperial College, London, 
this College in Manchester, and the Royal Technical 
College, Glasgow. Each of these institutions is quite 
small by Continental standards, and each is very 
closely associated with a university. The Government 
has also announced its intention of spending about 
£70,000.000 within the next five years on the expan- 
sion of technical education throughout Great Britain 

Lord Hives is presiding over a National Council for 
technological awards; eight technical colleges, one of 
which is the Royal Technical College, Salford, have 
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been designated colleges of advanced technology, and 
they are to prepare their students for a new award— 
the Diploma in Technology, which will be of the 
standard of a university degree. 


Seventy million pounds may seem to be an enor- 
ious sum of money, but let us try and get it into 
perspective. It is about twice as much as the annual 
budget of the U.G.C. from which the whole of our 
university system has to be financed. We spend 
nearly four times as much in advertising every year 
and at least 12 times as much on liquor. The Govern- 
ment is in fact proposing to spend the equivalent of 
30/- a head of the population in five years on tech- 
nological education. This sum of money would buy 
30 cigarettes a year for every man, woman and child 
in the country. Is it likely to be adequate to make 
up for the neglect of half a century and put us in a 
position to compete with confidence with other 
industrial countries ? 


Our position is now very much worse than that of 
either America or Russia or even Western Germany, 
which has developed both education and industry 
in a quite extraordinary way since the end of the War. 
in the winter of 1946 students in the Hochschule in 
Aachen were sitting on planks in unheated rooms in 
broken, ill-equipped buildings, but nevertheless they 
were earnestly and enthusiastically pursuing their 
studies. Before the war Aachen was one of the smallest 


TABLE SHOWING NUMBER OF First DeGREES (BACHELORS 
DEGREES IN SOME COUNTRIES, DIPLOMAS IN OTHERS) 
AWARDED IN “ Pure ScIENCE” AND TECHNOLOGY IN 1954 














Pure Science Technology 
Country : 
Total No. per Total No. per 
first million first million 
degrees | population degrees | population 
U.S.S.R 12,000 56 60,000 280 
U.S.A. i 23,500 144 22,500 137 
West Germany 3,450 67 4,450 86 
France ‘ 1,760 41 2,988 70 
U.K. 5,200 105 2,800 57 
Italy - 2,436 51 2,200 45 
Switzerland 215 44 399 82 





























The standards of these degrees are all about the same, 
although it is difficult to compare them in detail. Many 
European technologists—perhaps the majority, are M.Sc., 
rather than B.Sc., by our standards. The figures do not 
include such qualifications as Higher National Certificates. 
Large numbers of candidates take such diplomas every year 
in England, in Germany, in Holland and in Russia, but not 
so many do so in America. If we make allowances for them 
our position relative to some other countries is slightly 
improved. There were about 240 fewer graduates in 
technology in England in 1954 than there had been in 1950. 


of the Hochschulen and had between 800 and 1,000 
students. After the war Charlottenburg was in- 
accessible, so it was decided to enlarge the school in 
Aachen, which has now been rebuilt and expanded to 
accommodate more than 6,000 students. Let us re- 
peat it, in the last ten years the Germans have built 
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an almost entirely new Technological University com- 
parable in size to the University of Cambridge, which 
is devoted entirely to the education of scientists and 
technologists. ‘lhere are no colleges, of course, and 
there is only one small hall of residence for about 
300 students; the buildings are not all finished yet or 
completely equipped, but lecture rooms and labora- 
tories have been built and 6,000 students are using 
them. The Government of Westphalia made the 
necessary funds available, for they knew that their 
whole economy depended on their engineers. 


‘TABLE SHOWING Post GRADUATE DEGREES IN SCIENCE 
AND TECHNOLOGY IN 1954 (PH.D. In ENGLAND AND 
America, “CaNDIDAT” IN Russia). 











U.S.S.R. 4,500 
U.S.A. 3,500 
U.K. 900 














There are now eight Hochschulen in Western Ger- 
many, with a student population of about 30,000. 
The country was almost bankrupt in 1946 and its 
industry was in ruins. ‘To-day Western Germany 
holds dollar reserves greater than those of the whoie 
sterling block. German exports increased by 18 per 
cent. between 1954 and 1956, ours increased by only 
7 per cent. Why? 


Sir John Mountford, speaking to the Court of 
Liverpool University in 1955, said “‘’The one thing 
of which we have been starved has been the pro- 
vision of buildings in which to carry out our work. 
Our experience has been one of continuous dis- 
appointinent and frustration; within the foreseeable 
future, unless drastic action is taken now, the situation 
for the universities will become unmanageable and 
from a national point of view quite disastrous.” 


American productivity and the American standard 
of living are the envy of the world. The Americans 
are spending what to us seem to be almost incredible 
sums of money on university education; in some 
States more than half the young people go to college. 
In the whole of the United States there are about 
18 undergraduates per 1,000 of the popula- 
tion—we have only two. In Russia there are eight; 
there are four in Scotland and six in Australia. 
Despite all that the Americans have been able to do, 
they estimate that their industry desperately needed 
40,000 fully trained engineers last year, but only 
22,500 graduated. The shortage is an acute handicap 
to the development of private industry, but it has 
become a matter of vital importance to the very 
survival of the country because of its impact on 
military research. 








“o 


1207 


100F 





nr hne 


Me 


an> 
pro 
Eis 
De 
stri 
que 
fou 
in| 
tior 
onl 
ove 
stu 
did 
Am 
tha 
ues 
litt] 
alth 
sen 
tO 


nul 
to 

des 
bec 
Sci 
unc 
sala 
fied 
ago 
scie 
it I 
tau: 
are 
onl 
Sch 
the 
tha 
or 

S001 
the 
use| 











So 





gee © i, OO as ® 
aon om same eo” 





990 4s 1950 


UNITED STATES eee 
SOVIET UNION = ew ee oe oe 
GREAT BRITAIN que mum ec cum came 
Graduates per year in all scientific fields, includiny 
Medicine, in the United States, Soviet Union and 
Great Britain. 


The Americans are now becoming extremely 
anxious about their failure to match the recent 
progress of the Russians. In April 1956 President 
Eisenhower established a National Committee for the 
Development of Scientists and Engineers; he in- 
structed it to “‘ foster the development of more highly 
qualified technological manpower”. It has been 
found that 60 per cent. of the best qualified students 
in secondary schools do not go to advanced institu- 
tions and half of those who go do not get a degree; 
only a small percentage obtain a Doctorate. More- 
over, although 12 per cent. of all College students 
studied Engineering in 1950, less than nine per cent, 
did so last year. Twenty years ago 10 per cent. of 
American undergraduates read Science; last year less 
than six per cent. did so. If the present trend contin- 
ues for a few more years, the Americans will be doing 
little better than we are now. All this is true, 
although for at least 20 years the Americans have 
sent nearly nine times as many of their young people 
to the universities as we do in this country. 

This unexpected and catastrophic decline in the 
number of American engineers should be a warning 
to us in this country. It seems to have occurred, 
despite the magnificence of the American universities, 
because of the shortcomings of American schools. 
Science masters in American schools are grossly 
underpaid: they can easily double or treble their 
salaries by working in industry, and most well quali- 
fied science masters left the teaching profession years 
ago. Despite the glamour and publicity with which 
science and technology are surrounded in America, 
it has become clear that schoolboys who are never 
taught science and mathematics properly at school 
are unlikely to become scientists or engineers, and 
only four-and-a-half per cent. of American High 
School students studied physics last year. Moreover, 
the Americans have discovered that a salary scale 
that treats all their schoolmasters alike, however well 
or however badly qualified they may be, is bound 
sooner or later to drive the best schoolmasters from 
the profession, leaving it manned entirely by its least 
useful members. This result would not have sur- 





prised Thomas Gresham, who announced 300 years 
ago that if two kinds of money are simultaneously in 
circulation, one of which is good and one of which 
is debased, “the bad money drives out the good ”. 

The table* below shows the number of reasonably 
well qualified men who are teaching arts on the one 
hand and science on the other in 66 secondary schools 
in this neighbourhood, tabulated as a function of 
the age of the teachers. 


TABLE SHOWING NUMBERS OF ARTS GRADUATES AND 
SctieNcCEK GRADUATES TEACHING IN 66 GRAMMAR 
SCHOOLS IN THE NortH-WEsT OF ENGLAND 

















} Science as 
Year of Birth Arts Science Percentage of 
of Graduate Graduates Graduates Arts 

Ist and Ist and oer 

2nd 2nd 2nd 

Class | Total |} Class | Total |] Class | Total 
Hons. Ms Hons. Hons. 

Before 1900 ...}} 50 | 117 36 82 72 70 

1900-1910 ...} 124 | 189 82 | 145 66 77 

1910 1920 ...]) 195 | 256 85 | 151 43 60 

After 1920 ..|| 244 | 333 62 160 25 48 





























Three-quarters of the ablest young schoolmasters 
are non-scientists. They must inevitably persuade 
hundreds of their pupils to follow in their footsteps, 
although many of them might do well in science if 
they had a chance. The situation is likely to get 
rapidly worse. 

Each Girls’ Grammar School in England is now 
able (on average) to recruit one good honours grad- 
uate physics mistress once every 100 years; we 
have never had many women technologists in this 
country. 

A comparison between the salaries that can be 
earned by English science graduates in industry and 
those that their contemporaries command as school- 
masters shows at least one reason why science masters 
have become so scarce in England. By the time he is 
40 a science graduate in industry or the scientific 
branch of the Civil Service can expect to earn at least 
50 per cent. more and probably twice as much as 
he would have earned as a schoolmaster. Good 
science masters are a-dying race in England; the 
species is almost extinct in America, though it 
flourishes in Germany where grammar-school masters 
command adequate salaries; moreover, their profes- 
sion is still admired and respected by the public. 

This is not the place to discuss the shortcomings 
of our secondary schools or the inadequacy of their 
buildings; more than half of them have no proper 
laboratories for their sixth forms, most of them are 
overfull and have no hope of additional buildings 
for several years to come. 





* Egner and Young, The Staffing of Grammar Schools— 
Liverpool, 1954. 
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A Deeply Rooted Problem 

The whole problem is very deeply rooted in our 
educational system. Many a child who has been 
taught arithmetic badly at school is frightened of 
science tor the rest of his life. There is a shortage 
of mathematics and science teachers in our primary 
schools, yet the average women teachers’ training 
college devotes nearly ten times as long to the study 
of arts and crafts as it does to mathematics and nearly 
three-quarters of the colleges have no “ education ” 
lecturer who is qualified in this vitally important 
subject. A survey* has recently shown that about 
50 times as much effort in all training colleges 
goes to arts and crafts as is devoted to physics or 
chemistry; and this at a time when our whole national 
economy depends entirely upon applied science and 
technology. 

We may well ask ourselves if the Government's 
plans for increasing our national output of technolo- 
gists are realistic unless something is done to help 
the schools. Before the war the teaching of science 
in the sixth forms of English schools was probably the 
best in the world. Shall we have to watch this great 
national asset being cast away? Nothing but the 
superb specialised education in science and mathe- 
matics that has been traditional in our schools has 





* The Supply of Mathematics and Science Teachers- 
Methuen, 1956 
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made it possible for our graduates—who have three 
years at a university -— to compete with their Con- 
tinental contemporaries. who usually have five or even 
six years university training. We should find appalling 
difficulty in introducing the Continental university 
system here, but we may have to do so if our schools 
can no longer maintain their standards in their sixth 
forms. 

The expansion of technological education in Russia 
has been extraordinarily rapid. The Russians copied 
the example of the Germans a hundred years before 
them, and based their whole industrial expansion 
upon an enormously expanded educational pro- 
gramme, but they have bettered their masters. For 
example, the Baumann Institute in Moscow was 
founded as a trade school in 1830, when it was very 
much like this College had been in 1824. By 1924 
it had grown so much that it was necessary to make 
it into a “ Monotechnic”, which specialised in the 
education of mechanical engineers. In 1934, 450 
students graduated there and the Institute has grown 
rapidly ever since. It now houses a staff of 750 and 
there are 10,500 students who are taking courses of 
study which involve about 5,000 hours of instruction 
spread over five-and-a-half years. (Most English 
undergraduates have about 2,500/3.000 hours of in- 
struction in three years.) 

There are 30 other engineering schools in Moscow 
which accommodate altogether nearly 150,000 
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students, about one-third of whom are women. The 
Russians are certainly producing far more technolo- 
gists than the whole of the Western World put 
together. 

In their anxiety to increase the number of engineers 
the Russians have not neglected the pure sciences. 
Moscow University now has 24,000 students (of whom 
16,000 are taking internal degrees and 8,000 external 
degrees); 65 per cent. of these students are taking 
degrees in science and 35 per cent. in the humanities. 
Six thousand students live in hostels. 

The Russian students spend about eight months in 
industry and they write a thesis during the last six 
months of their course. The standard they achieve 
seems to be very good; they are not as well prepared 
as ours when first they reach the university, but be- 
fore they complete their course they have a good 
general education and ample time for specialisation. 

The reconstruction of the University of Moscow 
must have cost more than the British Treasury has 
spent on the expansion of all our universities since the 
War. It stands in the very heart of the city on a 
300-acre site that was ruthlessly cleared only five 
years ago. But this is not the end of the building 
programme in Moscow, nor is Moscow the only 
Russian university that is growing rapidly; Leningrad 
has an enormous university, and the University of 
Tiflis in Georgia has been expanded to accommodate 
16,000 students of science and engineering. All 
students have a maintenance grant that is independ- 
ent of the income of the parents. No student of 
science and engineering has to do military service. 
One-third of all graduate scientists become teachers— 
the profession is sufficiently well paid to make it 
attractive to them. The whole of Russia’s educational 
system is based on science and technology as firmly 
as the English system was based on the classics 70 
years ago. It was once almost inevitable that a clever 
boy in a good English school would study classics; 
clever boys in Russia to-day almost as inevitably do 
science. Most intelligent children (both boys and 
girls) can successfully learn any subject which is 
properly taught to them in school. 


Need of Development 


Russian industry has developed at a speed that is 
without precedent in history and it is undoubtedly 
the entry of so many well qualified men and women 
into the industry that made it possible for it to grow 
so fast. They had to make industrial workers out 
of an illiterate peasantry in a hurry, and they did 
so by giving them a formal education. The result is 
that they have, for example, a dozen times as many 
metallurgists as we have for every ton of steel they 
make. Our steel is as good as theirs and as well made, 
but their output of steel increased by 60 per cent. 
during the last five years. We expect to double our 
output in 20 years; after the end of the War the 
Russians doubled theirs in seven years. They already 
make more than twice as much steel as we do and 
there is no doubt that an industry manned by grad- 
uates will be more versatile and more receptive of 
new ideas than one like our own, in which most of 
the operatives have come up “the hard way” and 





learnt their trade on the shop floor, though these 
are the men on whom British industry relies to-day 
as it has done for a hundred years. 

The Russians will in future be able to supply 
qualified technologists to all those countries in Africa, 
South America and Asia that are trying to develop 
their own industries. These men are the missionaries 
of our modern age; they will have enormous influence 
on those many countries now watching the cold war 
between Communism and the Western countries with 
great interest but with some measure of detachment. 
How are we to compete? 


Extent of Russian Influence 


There is no doubt that if we allow ourselves to be 
out-distanced technologically by Russia and if the 
rest of the world discovers that we can now give less 
than Russia can, then the rest of the world will tend 
more and more to fall under Russian influence. Our 
own culture may be forgotten after it has been 
swamped by Soviet technology. The fate of the 
whole world may be determined in the end by places 
like the Baumann Institute and not by hydrogen 
bombs. The effect of inadequately trained staff on 
an industry is insidious and most difficult to assess. 
No one can possibly say what a firm might have 
achieved had it recruited more technologists in the 
past. British industry is finding more and more 
difficulty in competing in the world. We may yet 
lose our markets one by one. We may end with a 
whimper and not with a bang. Though if our young 
people have a chance to show what they can do, this 
country may prosper as never before. 

Which are the first things that should come first? 
When Mr. Malenkov visited this country he saw some 
modern English housing estates; he expressed his 
amazement—there is nothing like them in Russia; 
the Russian housing programme is miserably inade- 
quate as compared with our own, but Malenkov re- 
marked that inadequate though Russian housing may 
be, he proposed to cut the housing programme still 
further in order to spend more on education. 

We may well ask ourselves how British industry 
has survived at all in view of the fact that the univer- 
sities have failed to provide it with enough recruits. 
It is not surprising that some of our industries are 
backward, but it must appear to be almost a miracle 
that they are left to us and that some of them are 
thriving. We sell aeroplanes to America and we still 
hold all the world’s speed records on land, sea and 
air. How have we done it ? 

Before we congratulate ourselves too warmly on our 
mysterious gift for survival in spite of all the prob- 
abilities, let us recall the fact that we had many 
years’ start over any other country in our develop- 
ment as an industrial power. Throughout the whole 
of the last century we were easily pre-eminent, but 
our principal competitors are passing us one by one. 
The disaster that threatened our industry if we failed 
to educate more technologists was foretold in a great 
meeting in this College in 1912; the inadequacy of 
our educational system has become more and more 
obvious ever since. 
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If the industrial revolution was made in this coun- 
try by self-taught men, and by men who had been 
kept out of the universities by the Test Acts, it is 
equally true to say that much of British industry 1s 
run today by men who have never been near a 
university. They may have been kept out by poverty, 
by apathy, by tradition, by their strongly developed 
and instinctive preference for a practical training, or 
by their failure to satisfy the requirements of the 
Joint Matriculation Board. The many forms of train- 
ing which they may have received are described in 
detail in Dr. Venables’ comprehensive treatise on 
technical education. The system as a whole has long 
been the despair of academicians, one wonders if we 
have a system at all; is it not rather chaos, roughly 
organised ? 

In this part of England, there is a long-established 
tradition that a man who wishes to succeed in some 
industries can best qualify himself by leaving school 
at about 16 and spending some years “going 
through the works” while he learns his theory at 
night school. 

Fifty years ago a distinguished visitor to this Col- 
lege told us that “ Excepting only the private board- 
ing schools, which we know as Public schools, there 
is no department of English Education in which such 
conspicuous success has been achieved as in the 
Technical Evening Classes.” 

Many of the leaders of local industry were educated 
in evening classes in this great College and other 
similar institutions throughout the country, “ whose 
neglect by the authorities,” said Lord Eustace Percy, 
“is surely one of the worst examples of waste in all 
educational history”. However strongly we may feel 
that this practice has been made obsolete by the march 
of time and by the progress of science, we have to 
accept the fact that it will be with us for many years 
to come. 

Any observer of the industrial scene of Manchester 
must be struck by the enormous variation between 
the scientific and technological standards that have 
been achieved by different local industries. Chemistry 
and electrical engineering, for example, have always 
been based on a rapidly developing scientific back- 
ground, whereas textiles, paper making, printing and 
building, which are just as important, have developed 
from traditions hundreds of years old, and the skill 
and traditions of their craftsmen are still all-important. 


Meeting the Needs of Industry 


An educational system that provided recruits for 
one industry might be quite inappropriate for another. 
All industries need more skilled men, but whereas 
some of them could take all the Ph.D’s. we could 
provide, others can make use of very few university 
graduates. I believe we should educate the most 
highly qualified recruits that each important industry 
needs. 

The Barlow Committee reported in 1946 that 
four-fifths of the young people in this country who 
have sufficient intellectual ability to take a degree 
never come to the universities. We do not wish to 
“invest a ten-thousand-dollar education in every 
ten-cent child” any more than the Americans do, 
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but only one-third of our children continue their 
full-time education beyond the age of 15; only 
10 ver cent. stay on at school after their 
17th birthday. Four per cent. of our 20-year- 
olds are at the University, and 14 per cent. of 
the rest take part-time courses of one kind or another. 
What a wasie of human talent is concealed in these 
figures ! 

It is of course true that nothing is ever quite so 
practical as a good theory, but many of our most 
successful engineers have been men whose whole 
experience has taught them to question the value of 
the academic approach. They always speak of book- 
work as “mere” bookwork, and they regard the 
words “‘ academic”, “‘ theoretical ” and “ impractical” 
as synonymous, One can appreciate and sympathise 
with this point of view, for there is much evidence 
to justify it. The‘ industrial north still remembers 
the traditions of the last century, and often prides 
itself on its ability to develop and even to flourish 
without any help from the theories of the univer- 
sities. Industry has always had at least as much to 
contribute to the universities as the universities have 
to industry. The history of all educational systems 
suggests that there is an all too common tendency 
on the part of academicians to divorce their teach- 
ings and their studies from the harsher realities of life. 
Despite the extraordinary successes of Greek science, 
it failed to develop as it might have done because 
of the complete lack of contact between the theory 
of the schools and the practice of the craftsmen who 
were ignored, misunderstood and despised by the 
scholars. Because neither scholars nor craftsmen 
could advance alone, both science and _ technology 
stagnated for nearly 1,000 years. 

Any scholar who claims that his work is based 
upon an understanding of what he himself has de- 
cided are eternal verities, must find it humiliating in 
the extreme that a conclusion which may have been 
arrived at by processes of impeccable logic based upon 
quite plausible postulates, may be shown up as a 
farrago of nonsense by a direct experimental test of 
its consequences. If he refuses to concern himself 
with problems which admit of this acid test, the 
scholar may happily devote himself to mental exer- 
cises of extreme beauty, great sophistication, and of 
no practical use whatsoever. It is precisely this possi- 
bility which has coloured our educational system for 
200 years or more; unless we are sufficiently en- 
lightened to make good in a few years the neglect of a 
century, it may even yet bring us down in economic 
ruin. For this deplorable divorce between theory and 
practice the universities must accept most of the 
blame. It was a don who propounded the doctrine 
that there are two types of mathematics — “ funda- 
mental work” which is of no use to anyone, and 
“trivial mathematics” which may have great 
economic importance. Neither he nor his colleagues 
ever had the slightest doubt that it would be almost 
reprehensible for a man to devote himself to mathe- 
matics which might have major economic significance. 

It is undoubtedly true to say, as Sir J. J. Thomson 
once remarked, that “If applied science makes im- 
provements, pure science makes revolutions”, but 
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pure science by itself is not enough, and an under- 
emphasis of the difficulty and importance of its 
application can be and has heen dangerous. _ The 
same academic tradition which «ade our universities 
unwilling to accept science has made our scientists 
fail to appreciate the importance cf applied science 
and technology—and underestimate the significance 
of what industry calls “development work”. The 
glamour of research in pure science has obscured the 
fact that until the technologist has made his contribu- 
tion, the discoveries of the pure scientists may have 
no economic significance whatever. The admini- 
strators who realised this more than 100 years ago and 
established great technological institutions in Europe 
and America built better than they knew. 
Unfortunately, in England very few scientists have 
been as enlightened as Lord Kelvin, who, throughout 
the whole of his long life taught that pure science 
and technology flourish best in close collaboration. 
He saw on the one hand that the study of technology 
throws up many problems which should exercise and 
instruct scientists and, on the other hand, that the 
problems of the technologist can often be solved only 
by the help of pure science. Kelvin knew, for example, 
that Watt would never have invented the steam 
engine had it not been for the help that he received 
from Professor Black. The reciprocating engine which 
powered the industrial revolution was developed 
almost entirely by self-educated engineers. For many 
years the science of thermodynamics owed more to 
the steam engine than the steam engine owed to 
thermodynamics. No fundamental development in 
the principles of steam engines was introduced until 
a Cambridge mathematician named Charles Parsons 
invented the steam turbine. The early work of 
Parsons had to be supplemented by an immense 
amount of expensive time-consuming development 
work before his engine had any practical application.* 
It is in the very best English tradition that the gas 
turbine and the jet aero engines were invented by 
half a dozen young men (directed by Sir Frank 
Whittle). All the members of this team had first-class 
degrees in Engineering. The subsequent development 
of the engine has been in the hands of the great 
engineering firms, but (and this is a point which must 
be emphasised) the gas turbine was invented by a 
small team and has since been developed by large 
teams of engineers all over the world. The work of 
all these men has been equally necessary to its success. 


The First Nuclear Fission 


The pioneering work which led to the first nuclear 
fission was done in England, France, Germany and 
America — the very first artificially induced nuclear 
reaction was achieved by Rutherford in Manchester 
about 35 years ago. I doubt if there were more than 
a few hundred nuclear physicists in the world in 1939. 
Before the end of the War an entirely new industry 





* Many fundamental measurements on the properties of 
the nozzles and blades in Parsons’ turbines were made in 
this College by Professor G. G. Stoney, F.R.S., who 
subsequently became Research Director of the Parsons 
Company. 


had been developed ; most of the technical problems 
which had to be solved were entirely novel, and the 
industrial effort which had been required by the 
Atomic Energy Authority was comparable to that 
which would be needed to rebuild the entire American 
railway system. Why, therefore, should so many 
academicians believe the fundamental work to be 
all important and regard the development as . 
“mere development” ? 


Where the Nation has Failed 

While our scientific workers have been concerned 
with work which they felt would have great ultimate 
significance, we have failed as a nation to provide 
facilities whereby the results they have won could be 
made to produce their proper impact on society. 
Although we can accept the truth of Thomson’s 
aphorism, we must always remember that the cost 
of the work which has to be done to develop a 
scientific discovery into something which can be 
manufactured on a large scale is always many times 
greater —- often hundreds of times greater — than the 
cost of the initial discovery upon which the work 
ultimately depends. Moreover, the fundamental dis- 
covery can be made in any part of the world, but the 
development work must be done where the ultimate 
product is to be made and used. The pure science 
of this country has been of service both to this 
country and to the world as a whole, and has brought 
glory to the universities where it has been done. 
Nevertheless, the fact remains that we have had to 
buy the goods which resulted from our own scientific 
work from America, and we have had to pay for the 
right to use patented processes which were developed 
by the Americans from our scientific work. 

We have always given due recognition to our 
great men, but we have failed to realise that much 
research depends at least as much upon man hours 
and money as upon individual genius. Very few men, 
even the most eminent, are ever more than a few 
years ahead of their time. A Newton could be 100 
years in front of his contemporaries, but we cannot 
rely on a regular series of Newtons. In this country 
we have never understood the American technique of 
solving problems by “ trampling them to death ”. 

It is most interesting to recall nowadays that al- 
though America has always endowed applied research, 
neither Government support nor private endowment 
was available in the United States for the promotion 
of pure research until late in the 19th century. 
Whereas in Europe almost all Governments supported 
science directly, Congress turned a deaf ear to all 
proposals for creating scientific institutions which 
were not content with limited utilitarian objectives. 
Washington’s plan for a national university was 
strenuously opposed by the older universities. The first 
considerable sum for the support of pure science in 
America came from an Englishman, James Smithson, 
with whose bequest Congress created the Smithsonian 
Institution. 

At the end of the War, Dr. Vannevar Bush was 
commissioned by President Roosevelt to make pro- 
posals for the development of American science and 
industry. Bush remarked that for very many years 
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American industry had relied upon the scientific work 
which was done in Europe for the discoveries upon 
which the prosperity of the country ultimately 
depended. All the fundamental scientific work which 
is done in the world is freely published and it is 
available to everyone; the Americans had not suffered 
any material loss because they were not doing enough 
basic work for themselves : 

“Our national pre-eminence in the fields of applied 
research and technology should not blind us to the 
truth that with respect to pure research — the dis- 
covery of fundamental new knowledge and _ basic 
scientific principles—-America has occupied a 
secondary place. From Europe came the formulation 
of most of the laws governing the transformation of 
energy, the physical and chemical structure of matter, 
the behaviour of electricity, light and magnetism. In 
recent years the United States has made progress in 
the field of pure science, but our efforts in the field 
of applied science have increased much faster, so that 
the proportion of pure to applied science continues to 
decrease.” 

Bush concluded that it was imperative that the 
amount of pure research which is done in America 
should be materially increased, in order that the 
standard of living of the American people should 
continue to rise. He felt that a nation which borrows 
its basic knowledge from others will be hopelessly 
handicapped in a race for innovation, and, moreover, 
that men who have been educated as pure scientists 
often develop into most valuable technologists. This 
is indeed a pragmatic assessment of science ; but 
should we not accept it? Should we not conclude, 
moreover, from Bush’s analysis that we need more 
applied science just as much as America needed more 
pure science in 1944 ? 

For very many years trade and industry have not 
received in this country the regard that is their due. 
The business man and the engineer have always been 
more respected on the Continent and in America 
than they have been in England. Here it has usually 
been assumed that the professions were in some way 
more valuable to the community and that they offered 
a better career to a young man of high ideals. The 


profit motive has been suspect and industry has been 
accused of blind materialism. Fortunately, this 
tradition has almost vanished and the public under- 
stands that many people can contribute more to the 
public well-being by working in industry than they 
can in any other way.* Almost everyone realises 
nowadays that a man can expect a perfectly satis- 
factory career in industry (even if he is highly paid). 
It is essential that our industry should attract its fair 
share of the best brains of the next generation ; its 
recruits must be adequately educated if they are to 
be fitted for their life’s work. They will have to learn 
Science or Technology — or Russian. 

One can understand the idea of “Art for Art’s 
Sake’. One can support “Science for the Sake of 
Truth and Understanding”, but we must have 
TECHNOLOGY for the sake of survival. ’ 





* “ The hope of commercial gain has done nearly as much for 
the cause of truth as even the love of truth.” —- Boveg. 


AUTHOR’S NOTE 


The greater part of this material has been incorporated in 
a book called “ The Future Development of the Manchester 
College of Science and Technology’, now published by 
the College. 
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* THE CHALLENGE OF THE AGE ” 
(concluded from page 74) 





researcher to the retailer, for the progress of the commodities that play so large a 
part in determining our standard of living. A chain is as strong as its weakest link. 
and in the future the sums spent on research and the skill devoted to the development 
of new products will not earn their full returns unless the markets for these 
products can be quickly opened up and efficiently supplied. It would be misleading 
if T gave the impression that solutions for all these problems are easy to find or 
unmediately successful in their application, but our experience has been that in the 
long run clear thinking, careful planning and a constant search for newer and 


better methods are well rewarded. 
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THE 1956 SIR ALFRED HERBERT PAPER 





REPORT AND DISCUSSION 


Chairman: Mr. H. G. 


GREGORY, M.1I.Prod.E., 


Chairman of the Institution’s Council. 


PENING the meeting, which was held in the Great Hall 

of the College of Science and Technology, Manchester, 
on 14th November last, the Chairman said that he wished 
to express to the College authorities the Institution’s sincere 
appreciation of the facilities made available for this occasion. 
lt was indeed a most appropriate setting for the present 
meeting, bearing in mind the speaker and the subject. 

The Chairman recalled that the Sir Alfred Herbert Paper 
had become established by the Institution in 1952, in 
accordance with the wish of Council to honour some of its 
distinguished members who had given the Institution valuable 
service, by associating their names with authoritative Papers 
given by eminent personalities. 

In allowing his name to be given to this Paper, Sir 
Alfred, who was a Past President of the Institution, had said 
that he would very much like the lectures to have wider 
applications than those confined to the narrow aspects of 
the metal working industries or the machine tool industry. 
The subject of the Paper to be presented by Dr. Bowden was 
one in which Sir Alfred was intensely interested. 

The Institution was pleased to be able to present this 
Paper only a few weeks following Sir Alfred’s 90th birthday, 
and the Chairman felt sure that those present would wish 
to join him in expressing warm congratulations and good 
wishes on this occasion. 

With regard to Dr. Bowden, the Chairman said, he 
certainly needed no introduction. He was a man of eminence 
and authority in the educational and technological world, 
and the Institution was indeed privileged that he had 
accepted the invitation to present the 1956 Sir Alfred 
Herbert Paper. 


(Dr. Bowden then presented the Paper which appears on 
pages 75/88), after which the Chairman declared the 
meeting open for discussion. 


Mr. R. Rateliffe, M.B.E. (Chairman, Institution’s 
Education Committee): I am sure everyone here tonight 
must be delighted, although perhaps a little breathless, 
after listening to Dr. Bowden’s erudite address with its 
indignant demand for an overhaul of our system of 
technological education and of the facilities available. How 
true is his final phrase: ‘“‘ We must have technology for 
survival ” 

Many of us have been disturbed by the slow pace of 
expansion of technological education in general, by the 
reluctance of the universities to broaden their base in 
technological subjects, by the failure of our grammar schools 
to steer an increasing percentage of the available brains 
into the fields of science and technology, and by the 
frightening situation of the lack of science teachers in the 
schools. There is still far too much intellectual snobbery 
about technology and its alleged lack of culture. This Paper 
tonight gives a glimpse of a cultural pattern in its review 
of early development. Why should we not encourage such 
inquiry and study, which has a cultural value in its own 
right ? 

Dr. Bowden’s “call to arms” is a challenge to all who 
have the interests of the country at heart and who are 
concerned in any way with technology. Survival is the 
key word. We must not delay any more in at least matching 
the pace abroad. 





Do not let us rush off and copy Europe and America ; 
after all, we have an instinctive genius for developing 
systems that suit our own way of life, however untidy 
they may appear to foreign eyes. Do not let us attempt 
to turn our universities into super technical colleges, nor 
encourage the technical colleges to ape the universities. But 
surely the universities must realise they have a part to play 
by applying their own particular gifts, traditions and 
standards to many suitable aspects of technological develop- 
ment. I think it is tragic that very little effort has been 
made by the universities, even on a cultural basis, to study 
the history of technology and its influence on our develop- 
ment as a nation. In a more practical field their neglect 
of the technology of production engineering, the translation 
of ideas into reality, has been unfortunate. 


As an Institution, we are vitally concerned with this 
technology of the conversion of ideas into reality and it is 
fitting that our discussion tonight should range round this 
concept. May I mention some points which I think need 
to be discussed : 


1. What part should the universities play in developing 
a fundamental treatment of production engineering 
technology ? Should it be post-graduate or can it 
replace other subjects in first degree courses ? 


2. Are sandwich courses the best approach for the technical 
colleges to make in organising the Diploma in technology 
courses? Is the present intention the best one, to 
concentrate in the first place on a small number of 
colleges on a regional basis ? I believe it is. 


3. What must be done to awaken the perception of 
industries who even today ignore the scientific method 
and, as Dr. Bowden states, still depend on manual skills ? 
The sad fact is that further progress is being made largely 
by the enlightened. In my experience, technical colleges 
almost always meet the demands of industry — it is 
industry which must now present the demand in emphatic 
form and be prepared to support educational institutions 
by releasing students and lecturers. 


4. What must be done to stop this fantastic situation of 
British ideas having to go abroad for development — the 
subsequent product being sold back to the United 
Kingdom ? 

Dr. Bowden mentions the research and development 
effort on defence as if it were a restriction or diversion 
of effort from industry. But is it not true that, due to 
the defence research and development effort, the country 
gets a benefit which would not otherwise accrue ? The 
aircraft and atomic energy industries are two excellent 
examples. What will happen if defence research and 
development are reduced ? 


Are we ignoring available talent in not using more 
women in the fields of science and technology ? 


wo 


6. Can we afford to delay any longer in not giving 
organised education and instruction to such a large 
proportion of our school-leavers ? 


7. How are we going to meet the need of the under- 
developed parts of the world ? 
Russia ? 


Must they be left to 
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Dr. Bowden (left) chats with Mr. H. G. Gregory before 
the lecture. 


Dr. Bowden: I would like to comment on the points 
which have been made, but in no particular order. With 
regard to the training of the production engineers in this 
country, there are more undergraduate production engineers 
in Delft than there are in the whole of this country ; there 
were 6,400 last year in America and 44 in this country. 
Before long we are hoping to create a Chair of Production 
Engineering in this College, and perhaps one in Machine 
Tool Design as well. 

On the question of the contribution which is made by 
industry, I believe we have grossly underestimated what 
industry has in fact done. It is true to say that the 
Hochschulen provide courses of five or six years’ duration ; 
in this country our students have only three years in the 
universities. But the better English engineering students go 
on to become graduate apprentices ; they very often have 
two years’ training in industry at the expense of a firm, and 
get the equivalent of the extra course that foreign students 
have in the Hochschulen. Our great industrial firms must be 
spending at least as much—-and I suspect very much more— 
on the training of graduate apprentices as the Government 
makes available for the training of all the post-graduate 
engineers in all the universities and all the technical colleges 
in this country put together. We must not underestimate 
what has been done by some industries. On the other hand, 
other industries have been astonishingly backward — the 
textile trade or the machine tool trade, for instance. The 
machine tool trade is made up of a large number of very 
small firms, no single one of which is big enough to sponsor 
a proper graduate apprenticeship scheme. I believe it to be 
absolutely essential for the future development of the 
machine tool trade that such a system should be inaugurated 
and that, by combining forces with several machine tool 
firms in the district, the college could work out a scheme 
which would effectively launch our graduates in the trade, 
in the same sort of way that a doctor is launched into the 
world after experience in a hospital. I very much h- 
that something can be done to introduce into part of this 
great industry the kind of scheme which has made _ the 
electrical industry, for example, what it is today. There 
is a common saying that all electrical engineers can be 
divided into two classes —- those who work at Metropolitan- 
Vickers and those who used to work at Metropolitan-Vickers! 
Metropolitan-Vickers have, for years, performed a service 
not only for the benefit of themselves and their own 
engineers, but for the benefit of the electrical engineering 
industry of the country, and to the world as a whole we 
must not, in our anxiety, blame industry, and forget the 
contribution which some industries have made and will 
continue to make 
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The other point which the speaker made was that we 
must get more help from industrialists in the way of part- 
time lecturers. Just as, for example, the Professor of Forensic 
Medicine is a police surgeon part-time, so one must get 
Professors Extraordinary in the college who are representa- 
tives of some local machine tool firms. These are the men 
who know some of the answers and who must be persuaded 
to come and explain to students some of the things they 
must know. One cannot expect a Professor of Surgery to be 
held in high regard if he never practises surgery, but a 
Professor of Engineering in this country may spend all his 
life in a university ; this sort of thing never happens abroad. 


I would reiterate the point that the number of Professors 
I quoted as being at Delft were full-time members of the 
university staff, and there are 65 part-time Professors Extra- 
ordinary as well as the 80 I mentioned. 


Mr. J. France (Head of Industrial Engineering Depart- 
ment, Loughborough College): Dr. Bowden’s survey has 
been worldwide. He has covered the whole of industry, 
the whole of science and technology, and his facts cannot 
be controverted. But we are mainly concerned with 
production engineering, and it is on that particular side 
that I think we ought to centre our thoughts. Those of 
us who have been in the fight for the recognition of 
production engineering education from the beginning will, 
I think, get a great deal of encouragement from what 
Dr. Bowden has said. After reading his Paper, I find that 
all the arguments that have been and are being used against 
the production engineers’ views by the _ older-established 
engineering faculties are exactly the same arguments that 
were used against them when they started years ago. I feel 
that Dr. Bowden did not read the best part of his Paper, 
and it will be just as well if I read some of it for him. 


For example: “The University of Berlin would not 
admit engineering to its curriculum because the other 
faculties considered that it was non-scientific” ; ‘‘ The 
University of Amsterdam refused to teach engineering or 
even to admit that it was a subject which could be taught at 
university level elsewhere’. Doesn’t it all sound familiar, 
gentlemen! These are the very arguments which, over the 
past 25 years, have been advanced by the now established 
engineering faculties against production engineering educa- 
tion, but it is encouraging to realise that they, too, had the 
same thing and that in spite of it they have got recognition 
today. 


Dr. Bowden has, in his Paper, painted a very gloomy 
picture indeed of what will happen if we do not catch up 
with Europe and America. I suggest it will be more gloomy 
still if the full value of production engineering education is 
not recognised in time. If I may read another part of 
Dr. Bowden’s Paper for him: “ ... the cost of the work 
which has to be done to develop a scientific discovery into 
something which can be manufactured on a large scale is 
always many times greater often hundreds of times 
greater — than the cost of the initial discovery upon which 
the work ultimately depends”. Could I add to that and 
say that the cost of developing its production must be 
thousands of times greater? That is a good reason for 
saying that much greater attention should be paid to 
production engineering technology. 


Dr. Bowden goes on to say that the American Congress 
turned a deaf ear to all proposals for creating scientific 
institutions which were not content with limited utilitarian 
objectives. We production engineers have been accused of 
being too limited and utilitarian in our objectives, but the 
policy has paid a very good dividend in America. 


Could I suggest that we would be considerably 
strengthened if the words “ our industry” were interpreted 
as the production engineering side of industry, when D: 
Bowden says: “It is essential that our industry should 
attract its fair share of the best brains of the next generation: 
its recruits must be adequately educated if they are to be 
fitted for their life’s work.” 


Finally, Dr. Bowden, I would like to misquote you: 
“They will have to learn the science and technology of 
production — or Russian ”’. 
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Mr. H. Teasdale (Chief Training and Education Officer, 
North Western Gas Board): There are three aspects of 
Dr. Bowden’s excellent Paper on which I should like to 
comment. They concern the divorce between theory and 
practice, the control of technological education, and the 
teaching of science in the schools. 


Dr. Bowden has made a devastating attack on the 
ingrained English attitude towards technological education. 
If he has not scared us, we are indeed complacent. Although 
his Paper is concentrated propaganda, I am sure he is not 
in the least ashamed of it because he really believes — as 
I do myself — that he is dealing with a subject which is 
a matter of life and death for Britain. 


Dr. Bowden, although anxious to get his message across, 
has not adopted a partisan attitude ; in fact, his treatment 
of the subject consists of a really catholic presentation of the 
facts. No doubt because of his extensive industrial experience, 
he does not underrate the widespread scepticism among 
practical engineers regarding the academic approach. In 
fact, he agrees that there is much evidence to justify it 
and believes the universities must accept most of the blame 
for the divorce between theory and practice. 


I have long believed that the most effective antidote to 
the academic disease from which the universities suffer is 
pre-university industrial experience for all scientific and 
technological students. Those of us who have taught 
advanced part-time students in technical colleges know only 
too well how impossible it is to get away with pure theory 
and airy generalisations. Students with industrial experience 
make continual demands upon their lecturers to relate their 
theory to day-to-day practice as experienced by the students 
themselves. 


My second point concerns the delicate subject of control. 
The form of control we have adopted has been largely 
responsible for the sluggish growth of technological educa- 
tion in this country. The universities control part of 
technological education, the local education authorities, the 
remainder. The university attitude towards technology has 
been dealt with fully by Dr. Bowden. May I briefly refer 
to the other part of the problem. 


While I do not wish to offend those who perform valuable, 
voluntary civic duties, the situation calls for some plain 
speaking. Recently, the Minister of Education delivered a 
forthright address in the North West, at the General Meet- 
ing of the Union of Lancashire & Cheshire Institutes. He 
strongly emphasised that his department had been advised 
by the leading scientists in the country to take control of 
the proposed advanced colleges of technology out of the 
hands of local education authorities. He did not say why 
he had not accepted this advice. Presumably it was because 
of political considerations. Otherwise, it does not make 
sense to leave control of the development of institutions 
serving vital industrial needs in the hands of civic repre- 
sentatives, most of whom will not have had _ personal 
responsible experience in the field of industry, science or 
technology. 


The advanced colleges of technology should not in any 
way be financed from the rates. Why should residents of 
Salford, for example, pay, except through taxation, for the 
education of students from Wales or the South of England? 
It is not that the students educated there are likely to serve 
local industry. The whole problem of advanced techno- 
logical education is a national problem. It should be 
financed nationally and be guided and assisted primarily 
by leaders in the fields of industry, science and technology. 


There are, of course, signs that industry is becoming 
aware of the lead it must take if we are to climb out of the 
abyss into which we have sunk. The F.B.I.’s Industrial 
Fund for the Advancement of Scientific Education in 
Independent and Direct Grant Schools is a most encourag- 
ing sign of industry’s realisation of the danger of neglecting 
school science, to which Dr. Bowden has so forcibly drawn 
our attention. I have the feeling that the weakness of 
science in our grammar schools is the most menacing 
problem of all. We simply must get back to the pre-war 


position. To do this, we cannot avoid paying science and 
mathematics teachers salaries which are comparable with 








those they can earn in industry, and therefore superior to 
those which teachers of other subjects can earn. Science 
subjects must become pre-eminent school subjects. Since 
the Burnham Committee will resist differential salaries, it 
may be necessary for a pensionable state bonus to be paid 
to science teachers, in addition to their salaries. Whatever 
measures are necessary, one thing is axiomatic: we must 
plough back into our schools a good proportion of their 
scientific produce. 


Dr. Bowden: I have three points. First of all, 
although the differentiation of salaries in schools 
is likely to be opposed, there is already a_ substantial 
difference between the salaries earned by graduates in 
different subjects The Government has sponsored a survey 
of the salaries earned in 1954 by men who graduated in 
1951. It was found that men who graduated in technology 
had better salaries (on average) than men with first-class 
degrees in science or the arts. 


The next point is that the difference between the salary 
scales of teachers in schools and the salary scale of the 
same sort of men outside the schools is very great and, 
until something is done about it, there is no doubt that 
the best people will go—as many have already gone—away 
from the schools, and that is very serious. 


The third point is this, that I believe our entire educa- 
tional system is still, in essence, based on the assumption 
that we are trying to train classics. The man with the 
practical approach, the man with an intuition how things 
work, never really gets an opportunity of displaying his 
talents at any level below the university. In an ordinary 
school, the whole of the training is based on the assumption 
that all information is to be found in and learned from 
books, and I believe that this has never really been properly 
appreciated as being one of the defects of our educational 
system. A child of 53 is put in school, at which age 
he is full of enthusiasm, drive and energy, and he does not 
believe what everybody tells him; he wants to try things 
for himself. One expects an engineer to be enterprising 
and imaginative and not to believe all that he is told, 
but to try things out for himself. There is something 
quite fundamentally wrong with our educational system 
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and I do not quite know how it can be put right, but until 
we devise a method which will preserve this boyish 
enthusiasm in our youngsters—nowadays it is ground out 
of them—-we shall not get the engineers we want. 


Mr. W. S. Hollis (Assistant Director, Aircraft Production 
Development, Ministry of Supply): Dr. Bowden’s Paper shows 
considerable knowledge of the background history of world in- 
dustrial development. Most of us, whose knowledge of this 
subject is limited to that of the Industrial Revolution of 
Great Britain, are appalled by the lack of thought and 
provision exhibited in the 19th century and are concerned 
for the present outlook. 


There is, I would suggest, a trinity of Researcher, 
Development Engineer and Production Engineer. The 
Researcher exercises the original or inventive thought ; 
the Development’ Engineer builds without _ specific 
reference to time or money; and _ the _ Production 
Engineer brings the project into productivity by 
means of a series of manipulative operations, based on the 
certainty that his work has detracted nothing from design 
or functioning, but added cheapness, interchangeability, 
removed tedium, improved quality and used better suited 
material. 


In a competitive world, markets will be held only by 
superior design and cheapness. ‘There is relatively a small 
percentage which can command sales. on_ technical 
superiority alone, whereas a great field of commerce is 
determined on price exclusively. If we are to exist, our 
markets must be preserved by greater output per man, 
and this is where production engineering requires, and 
indeed this Paper states, that skill handed down through 
the generation must be replaced by the demand for skill 
to manufacture equipment giving reproductive as well as 
productive output. Our youth should be taught that the 
technology of production engineering ranks equally with 
the technology of design and development. 


Our American friends have a native ability to get into 
production while we are still at the talking stage, and 
although the problems of getting a move on are still likely 
to be regarded as a science, we do need informed opinion 
to guide wisely on those technical improvements which are 
imperative for the re-equipping of industry, and to decide 
without hesitation when the gap in our production ability 
is apparent. 


I feel the most impressive of the summaries in this Paper 
is that section which deals with the supplying, in the 
future, of qualified technicians to the African, Asian and 
South American markets. These emissaries will use the 
text-books of compatriot authors and the extent of technical 
knowledge, except for the more advanced levels, will be 
bound to them. This is a field in which, on account of 
numbers, we cannot hope to compete. 


In my own field of production development, I find that 
research relating to the machining process and that con- 
cerning new metals is mainly American, resulting from the 
many developments sponsored by American authorities and 
carried out at the various universities of that country. 
Bowden, Tabor and Trent, British investigators of the 
friction and cutting process, are quoted frequently and in 
historical order with Amonton and Coulomb. Merchant’s 
application of orthogonal machining for his research at 
Cincinnati University was adopted from earlier work by 
Stanton and Hyde reported to the Institution of Mechanical 
Engineers thirty years ago. 


In surveying the vast quantity of information which is 
reaching the United Kingdom in this manner, and in ex- 
amining the D.S.I.R. Russian translations of technical 
publications and theses relating to work being investigated 
in the universities of that country, I must agree that the 
statements Dr. Bowden has made are well-founded and 
merit sober consideration. 


Dr. Bowden: An engineer can do for a shilling 
what any fool can do for half-a-crown or a Govern- 
ment Department will do for five shillings. I hope 
I can say that without offence in present company! 


Mr. H. E. Dance (Staff Inspector, Ministry of Educa- 
tion): An educational system grows out of the social and 
economic structure of a country; it cannot be changed with- 
out changing the attitude and behaviour of the country as 
a whole. I agree with what Dr. Bowden has said tonight, 
but I do not think he has said enough. This problem has to 
be tackled from all sides. Engineering education has 
developed the way it has done in the U.S.S.R. because 
engineering is the most socially respectable of jobs there; 
everybody wants to be an engineer and therefore every- 
body who can goes for engineering education; consequently, 
the application lists contain three or four times as many 
as they can accept. Women have a large share in engin- 
eering education in the U.S.S.R., because women are em- 
ployed on equal terms with men in all jobs in the U.S.S.R. 
You may see women engine-drivers, women surgeons, 
women professors of erigineering and women technologists; 
wherever men do a job, women do it also. It is not so in 
the U.K. and it will take time for the social change implied 
by the general employment of women in engineering to 
come about. But it will come about by patient persuasion 
on all fronts, and we should help that persuasion as far as 
we can. We may have to have men teachers of science in 
girls’ schools, because if women science teachers are not 
there, who can teach it? 

Dr. Bowden, in speaking of universities and “night 
schools”, has omitted one of the most important develop- 
ments in education in this country, namely, the part-time 
day courses which, in engineering, apply to about 90% of 
the students in technical colleges. In order to draw a fair 
picture, let us examine the figures. Taking all the University 
Degrees, the University and Technical College Diplomas and 
Higher National Certificates: before the War, the Higher 
National Certificate awards amounted to about 40% of 
the total. The whole lot has multiplied three times from 
1948 to 1954, but the proportion of Higher National 
Certificates has risen from 40% to over 60%. I do not 
suggest that these streams of entrants into engineering are 
equal or that the part-time day course is sufficient, but 
it contributes two-thirds of the total in engineering. Many 
firms give their apprentices more than one day a week 
release and others adopt block attendance schemes. Firms 
with large recruitment and training schemes are selecting 
the best National Certificate students and placing them in 
sandwich courses, which give much more time than a 
part-time day course can give. Nevertheless, the number 
of people who are coming into nart-time Higher National 
Certificate courses — the increase in the numbers per annum 

-is more than the numbers being taken off those courses to 
go into sandwich courses. There is no indication that the 
numbers who enter engineering through Higher National 
Certificate courses will fall. 


Dr. Bowden: One of the reasons for the success 
of engineering in Russia is the fact that engineers 
are the highest paid members of Russian society, and Pro- 
fessors of Engineering are the highest paid of all engineers. 


Mr. B. Dawkins (Chief Assistant. Professional Training 
(Electrical), Metropolitan-Vickers Electrical Co. Ltd.): 
I would like to refer to the shortage of science teachers 
and lecturers, which I think Mr. Norman Fisher referred 
to earlier in the week. We are finding very great difficulty 
keeping the standard of our graduates up to a high enough 
technical standard for original research and design work, 
and for that purpose we have instituted lectures in physics, 
mathematics and associated subjects, and we have at the 
moment 45 qualified engineering and science graduates 
teaching on these lecture courses. We know this is the 
pattern in other large companies, but I think you will 
agree that these are figures which do not appear in statistics. 

T would agree with two earlier speakers about the growing 
need for sandwich courses. I think there is a very real 
need at the moment — as came out at a recent national 
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conference of people representing apprenticeship and _ train- 
ing in industry — for assessing the real needs for graduates 
in industry. ‘There is a great tendency towards not using the 
existing graduates to the full. 

I believe that Dr. Bowden said Gibbon referred to his 
university career as the most idle and unprofitable period in 
his life; it has also been referred to as the only holiday a 
man gets between his mother and his wife! 

In this country we have at the moment a three-year — 
in some cases a four-year —— degree course, and not five or 
six years as they have on the Continent. I am wondering 
whether you can give your views, Dr. Bowden, on the need 
for a more fundamental approach in the teaching in 
universities? This may save time by getting over funda- 
mentals, which are sometimes lacking. 1! would also like to 
know the percentage of girls studying on the Continent and 
in the U.S.A., as well as those figures you have given us 
concerning Russia. Lastly, I would like to hear your views 
on the need for a more liberal education for engineers and 
scientists. 


Dr. Bowden: If I attempted to answer all these points, 
it would take almost as long as my Paper took to deliver. 
First of all, if I may be torgiven for saying so, I have 
answered most of them in my book.* 

In the first place, our students are better prepared, even 
yet, when they leave our schools, than are the students in 
any other country which is known to me. I think that they 
are a year ahead of freshmen students in universities in 
America and Russia. ‘This is achieved at the price of the 
literary education which is also so very necessary. But I 
do believe that we could do something to make up for it in 
our colleges. I would like to recommend —and I have 
already recommended many times — that instead of trying 
to give our people an ordinary literary education in the 
accepted sense, we might have a course suitable for them 
in the history’ of science and technology, which has had 
such a profound effect upon the history of the country and 
of the whole world. 

The courses, in universities in this country, may reason- 
ably be one year less than those on the continent. Of the 
five years in a Hochschule, at least one is spent in industry 
— or six months, anyway, and I believe much good would 
come from a proposal to make our students take a course 
in industry as part of their academic training. In most 
aeronautical departments in English universities, the de- 
mand for places is so great that the Professor can impose 





* “The Future Development of the Manchester College of 
Science and Technology.” Available from the College, price 5s. 
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any condition he likes; some of them do not admit people 
unless they have had a year in a firm such as yours, Mr. 
Chairman, or other firms of equal reputation. This is all 
to the good. If I may generalise freely, I think that the 
English “educational system —-in universities —- is very much 
better organised than the training in many Continental 
Hochschuten. I think that a man who has had a university 
course and a graduate apprenticeship in England, is at least 
as well, if not better, educated than his European contem- 
porary. I had an opportunity of discussing this matter in 
Holland with the Director of Research of a very large 
industrial concern. He says that he has compared students 
from Delft, who have had six-year or seven-year courses 
and then a two-years’ graduate apprenticeship, with English- 
men who have had a three-year course and the same two- 
years’ post-graduate apprenticeship, and he says he cannot 
tell one from the other. He says that Continental students 
are often better for research work because they have more 
opportunity to study mathematics than Englishmen do. I 
do not think one can be sure, but we are not quite so 
badly off as the very large disparity in the university courses 
might suggest. 

As for the other general questions, I am afraid I shall 
have to ask you to read my book! 


Principal H. Cheetham (Walsall Technical College): I 
would first of all like to thank Dr. Bowden for his most 
stimulating Paper. It has been well worth the journey from 
the industrial Midlands to the industrial North-West. I 
would have liked to have heard more from Dr. Bowden 
about the present plans for the expansion of technical educa- 
tion, although I realise that it might be slightly outside the 
scope of his Paper. I myself am not sure that the present 
plans go nearly far enough, and, whilst I would not like 
it to be thought that I am decrying the merits of National 
and Higher National Certificate holders, I do not really 
see how the student or the young man who has left school 
possibly at 15, but certainly at 16, and who does part-time 
education to the age of 21, can possibly have the same 
academic standard overall as a young man who has re- 
mained in full-time education through the grammar school 
sixth form and three years at university. 

With regard to this intellectual snobbery which has been 
mentioned, I always wonder whether that same snobbery 
is still existing in that although we are to have this expan- 
sion of the technical colleges into colleges of advanced 
technology, the students who undertake the new courses 
will still not be awarded a degree. It may be that a diploma 
in technology will be of equal standard, but will it be held 
in the country at large to be the equal of a degree? 





I would like to comment on sandwich courses, which are 
still somewhat experimental,.and my remarks are directed 
more to industry than education. The young men who are 
undertaking sandwich courses will (in each year) do six 
months in college and six months in industry. I feel that 
the six months in industry should be regarded primarily as 
education, and the employers should see to it that they do 
everything in their power to assist educationally, and not 
use the six months in industry to try and catch up on the 
production work of any man (w hether design or production) 
in relation to the six months that they have been allowed at 
the technical college. I am aware that many employers do 
spend very considerable sums of money in providing facilities 
for the training of their young men by sending them to 
technical colleges and universities. There are many other 
employers (even in the engineering industry) who do as 
little as possible in that direction, and that applies not only 
to advanced studies but to the normal craft apprenticeship. 
I have no axe to grind at all; I am not connected with 
industry, but I do feel that those firms who are providing 
these training facilities should get the most generous tax 
concessions from the Government, in order to ensure that 
their work in providing these training facilities does not go 
unrewarded. 

Finally, one of the speakers has commented on the fact 
that we cannot hope to compete with the U.S.A. or the 
U.S.S.R., because we have not got the same numbers. I 
would say that, because we have not got the total popula- 
tion, because we are dependent absolutely on our capacity to 
export, we should do more, in proportion, than the other 
countries and see that we export our brains and _ skill, 
which, of course, would be the best way of making use of 
our limited resources. 


Dr. F. Koenigsberger (Manchester College of Science 
and Technology): First of all, may I strike a slightly more 
cheerful note than Dr. Bowden? I am a product of a 
German Technische Hochschule and I remember that there, 
too, our colleagues from the Arts Faculties called engineering 
students the “ plumbers ” 

With regard to the snobbishness of university-trained men. 
which has been mentioned, I feel that the direction of 
attack should go partly towards industry, where there is an 
equally critical snobbishness directed against the “men of 
theory” by the men who have come up the “ hard way” 

There is, however, a great need for pre-university practi- 
cal training, not only because it is essential, as one speaker 
said, that a student should know what a lathe is before 
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he can be taught the theories of metal-cutting, etc., but 
also because in my opinion an important function of such 
pre-university training is to teach the student humility. 
This will automatically eliminate any snobbishness when 
graduate engineers come into industry for the first time. 

When I got my first job in an industrial drawing office 
after I had obtained my university degree I was told 
straightaway that, unless I could do my work as well as any 
draughtsman, o1 better, I was no good. I should add, 
however, that it is equally important for industry to give 
graduate engineers a chance of promotion in the technical 
field. I do not speak now about managerial positions, but 
I wonder how many chief designers, the men who really 
design machines, are for instance Ph.D’s? You do find 
many of them in design and drawing offices on the 
Continent. 

As regards attracting people to the study of engineering, 
I would like to quote an example from America, where, for 
a time, the foundries were complaining that they did not 
get a sufficient number of foundry engineers from the 
universities. The foundry organisations or works got to- 
gether through one of their institutes or associations, and 
made a levy of one dollar per employee of each foundry 
or works. The money collected was used for scholarships 
for students proposing to take foundry engineering, and a 
sufficient number was reported to have been attracted in 
this manner. 


Dr. E. G. Edwards (Principal, Liverpool College of 
Technology): I would like to comment on the question of 
this transition that we hope to see in the near future from 
our traditional evening or part-time courses to a more 
liberal and wider system, such as we foresee in sandwich 
courses. The point I want to make is that there are two 
major advantages which will arise from this. One of these 
is the elimination of waste, because one of the major 
difficulties of the evening or part-time system is the enor- 
mous amount of waste of promising people who, with a 
wider opportunity, could have attained full professional 
status. The second major advantage is the broadening all- 
round education of the engineer. I feel that the facilities 
which we have at the moment could be much more efficiently 
used, and we could turn out more engineers per year, if 
the, rate of transference from part-time to full-time and 
sandwich courses could be increased. 

So far, this development has been very largely spontaneous: 
it has depended very largely on the generosity and the 
initiative of a number of large firms, and one of the reasons 
for its success has been that, for the student on a sandwich 
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course, it has been their practice to pay his wages during 
the whole period of the sandwich course. But my belief 
is that the spontaneous method has its limitations, and 
that it has come to a point where its limitations are being 
felt. It will not enable us to penetrate very mueh into the 
smaller firms or into those firms who are not small, but who 
cannot see the direct advantages to themselves in such a 
large expenditure. If we are to utilise to the maximum the 
latent ability that can be usefully transferred to sandwich 
courses, then we must have a much larger measure of 
sponsorship by the State and by the local authorities as far 
as the maintenance of students is concerned. I believe that 
if that is done generously, there is no reason why there 
should not be in the very near future a multiplication, by 
several times, of the number of students of the necessary 
ability who are transferred from part-time and evening 
courses to sandwich courses, with both a reduction of 
wastage and a broadening of the all-round education of the 
engineer and technologist. 

But even if a wider system of scholarships is obtained, 
the need for co-operation between industry and college will 
become more necessary than ever. 

Dr. Bowden has rightly emphasised the shortcomings of 
our higher educational institutions, particularly their ten- 
dencies to remain aloof from industry and_ technological 
education. He has also pointed out the valuable contribu- 
tion that industry has made in its training schemes. 

However, we can by no means be complacent about the 
demands from industry for technologists. As short a time ago 
as 1950, the Ministry of Labour Surveys revealed that 
employers in general were satisfied with the number of 
engineers and scientists supplied from the colleges. Now, on 
the other hand, industry finds itself short of about 30% 
of the technologists it requires. If we are to stimulate both 
the demand for technologists in all branches of industry and 
the necessary supply from the colleges, then we must have 
still closer collaboration between the two sides. 


Mr. J. H. Winskill (Chairman, North-West Region of 
the Institution): This is a pleasure as well as a privilege, 
Mr. Chairman. Those of us who some 40 years ago 
spent our boyhood days in or near the city of Manchester, 
were brought up to believe in three things: Christianity, 
The British Empire and the excellency of The Manchester 
Tech. ! 
































Tonight we have heard the Principal of this great 
technical college. It has been said that a lecture, to be 
really worth while, must be given by a man with a know- 
ledge of his subject, with a gift for words, a ready wit and a 
missionary zeal — and you certainly have had all those. 
At one stage in the lecture I wondered whether we were 
going to start a collection and then looked around for the 
band and the banners! But it was excellent, Sir, and we 
have enjoyed it. It is not for me to speak on technology 
because it is not my job, but let us go away in the same 
happy way in which you started off, Mr. Lecturer — full 
of zeal for this work on the education of men in our own 
profession. 

You did mention machine tools. At one time the wife 
of a machine tool engineer was heard to say to one of her 
friends that she had come to the conclusion that, whilst it 
was not necessary that one should be mad in order to 
be a machine tool engineer, it certainly helped! 

A vote of thanks must be like a lady’s dress long 
enough to cover the subject, but short enough to be 
interesting and, with those words, I would like to move a 
warm vote of thanks to our Speaker, Dr. Bowden, for his 
lecture this evening. 


Dr. Bowden: Thank you very much for those very 
kind words you have just said to me. I would like 
to ask this question: in 1902 this College was probably 
the best institution of its kind in the world. In 1903, 
it was decided that it was not big enough. By 1905, 
land had been bought ; by 1908, plans had been prepared 
and people were asking the City Council why nothing was 
being done about the technical college. In 1912, the plans 
were approved and they were about to start building when 
the War came. They were about to start again in 1924. 
In 1926, a competition was held for new plans. The slump 
came in 1929. The steelwork was begun in 1939, and the 
extensions will not be finished until 1957, or 1958, or 
sometime in the future. 

Why was so much done so long ago, but so little has 
been done for so many years since then ? 


The proceedings then terminated. 


COMMUNICATIONS 


The following written contributions to the discussion 
have been received since the meeting took place : 


From: Mr. John Wellens (Chief Education Officer, 
Textile Machinery Makers, Ltd.). 

Dr. Bowden has spoken with great frankness on the 
weakness and inadequacy of our present system of formal 
education ; it is appropriate that those in industry should 
be equally frank. 

The industrialist might be tempted to fall back on the 
excuse that if only the universities made the effort and 
trained more graduate technologists, our problems would be 
resolved. This would be to close one’s eyes to the 
indisputable fact that many companies do not gainfully 
employ their existing graduate employees, and this for a 
very good reason. ‘The traditional industries have geared 
their employment pattern round the holder of the Higher 
National Certificate. The five years of apprenticeship match 
the five years to Higher National Certificate. In course of 
time, the holder of the Higher National Certificate has 
become the round peg in the pattern of technological jobs 
which can be described as round holes. Within this pattern 
the graduate technologist is a square peg: he does not fit. 
His employer must admit this fact, not bemoan the difference. 
For the graduate is different: his academic knowledge is 
fuller, his practical experience is less and different in 
character, his attitudes are less rigid, his respect for 


‘authoritative’ statements is less and his appreciation of 
the scientific method is much keener. It does not follow 
that employment which is suitable for the holder of a 
Higher National Certificate is suitable for a graduate 
technologist. In fact, the odds are that it is not. Yet how 
many firms face up to this fact and consciously plan for 
their graduate intake ? This lazy attitude of trying to fit the 
graduate into cxisting employment patterns is responsible for 
much dissatisfaction and frustration. Let us admit, therefore, 
that there are unsatisfactory features (and this is only one 
of many) within industry itself in this problem of graduate 
employment. 

Let us take warning. Turn to the employment columns 
of the great national daily newspapers and read _ the 
advertisements put in by American companies seeking to 
draw off British graduates to the U.S.A. Here is an 
attractive outlet for the frustrated and dissatisfied. What 
is now a trickle could become a torrent. 


From: C. L. Old (Principal, Wolverhampton and 
Staffordshire College of Technology). 

If I may do so without presumption, I should like both to 

thank and congratulate Dr. Bowden on a most excellent 

Paper. It is the best critical survey I have yet met of the 
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troubled subject of technical education, or would it be more 
appropriate to refer to the subject as education for a 
technological age ? 

There are so many points one would like to comment 
upon or enlarge upon, mostly by way of agreement or 
reinforcement, that quite obviously only a selection can be 
made. 

The opening paragraphs are a most interesting survey of 
the development of our educational system on the applied 
side. It is not fundamental to Dr. Bowden’s main thesis, 
but perhaps a little more notice could have been taken of 
the enormous part that part-time education has played in 
the past. Without National Certificate types British industry 
just could not have carried on, This is an_ historical fact 
which ought to be recorded. No defence of the system is 
implied ; on the contrary, the time has come when we 
cannot rely upon part-time study and the goodwill of 
students to attend in what is virtually their own leisure 
time. The Germans have long operated a system whereby 
nobody above the level of craftsman is trained on a part-time 
basis. The Berufschulen, at which attendance is compulsory 
on one day per week for all young people between school 
leaving age and 18 years, unless they are in some other 
form of education, provides training at craft levels. The 
Fachschulen, which train technicians, are organised on a 
two or three-year full-time basis and, of course, the Tech- 
nische Hochschulen are four or five years of full-time study. 
Much the same is true in Russia, France and Holland. 
Only we are content to put part-time training against full- 
time training in international industrial competition. 

I am sure Dr. Bowden is right in attributing our malaise 
to early training in the schools. Failure on the part of the 
teacher to teach such things as mathematics, rather than 
failure on the part of the pupil to learn, is the root of all 
evil in this connection. Unfortunately for modern Britain, 
our grammar school system had too early a start. It began 
to come into existence 400 years ago mainly for a vocational 
purpose. It succeeded so well that now our whole educational 
system is geared to it. Even our modern schools are staffed 
by ex-grammar school pupils and so the tradition goes on 
into schools where it is alien, and the nation’s children are 
brought up in institutions which are more like Lot’s wife 
than the young man who cried “ Excelsior”. They claim 
that their business is to prepare for life, but they fail to 
specify in which century that life is to be lived. 

From our arts specialists —- since we have so many of 
them — I think the nation has a right to expect some 
attention to the contemporary world, some consideration 
to the implications for mankind that the splitting of the 
atom or the advent of much higher rates of production 
of consumer goods (commonly known as automation) will 
hold. 

For the rest of Dr. Bowden’s Paper, one could get an 
enormous kick out of underlining his many arresting com- 


parisons. For instance: “In 1951, M.I.T. had 3,000 under- 


graduates and 2,000 post-graduate students. In the same 
year (1951) only 270 post-graduate degrees were awarded 
in the whole of England in all branches of technology *, 
Or: “Seventy millions (to be spent in five years) may seem 


to be an enormous sum of money —— but — we spend nearly 
four times as much in advertising every year and at least 
12 times as much on liquor, ‘The Government is in fact 


proposing to spend the equivalent of . 30 cigarettes a 
year for every man, woman and child in the country.” Dr, 
Bowden could have quoted the total gambling bill of the 
country as another possible comparison. Can it be that as a 
nation we are more concerned with trivialities and that 
deep down we are dealing with nothing less than moral 
issues, a lack of desire to put first things first? The ratepayer 
and taxpayer will gain no satisfaction from Dr. Bowden’s 
figures, for to him expenditure is high. But is it going both 
nationally and individually on the most important things ? 

Just one question: Does Dr. Bowden think the nation has 
sufficient reserves of mental capacity to provide all the 
people of the necessary quality that we really need ? 

Finally, having had a foretaste of Dr. Bowden’s thinking 
on these things, I for ohe will look forward with immense 
pleasure to seeing his book — may it have the desired effect 
on our national thinking. 


From: Mr. K. D. Marwaha (Graduate Member). 

Dr. Bowden’s lecture will no doubt serve to instruct many 
and stir them out of their complacency. His lucid treatment 
of the subject deserves praise and admiration. 

One aspect of the problem is that there are industrial 
firms, even today, who are averse to employing a university 
graduate. This is particularly true in the field of production 
technology, where higher academic attainments are viewed 
as superfluous and unnecessary, and where one with years 
of experience on the shop floor is considered a “better buy” 
Unless management recognise the importance of reinforcing 
their production staff by men of the highest merit, the, 
will be depriving industry of the versatility and imaginative- 
ness which it needs so much today. 

Secondly, I would like to suggest the _ setting 
up of an institute of production technology on the lines of 
the College of Aeronautics at Cranfield, where fundamental 
research on metal-cutting, machine tool design and other 
allied subjects could take place. ‘The work at P.E.R.A. is 
more of an applied nature and does not embrace the funda- 
mental research I have in mind. This would go a long way 
in providing the necessary stimulus to this vital branch of 
technology. 

The whole emphasis in the world seems to be on furthering 
technological education. Let us not deliver a death blow 
to the studies of Arts and Humanities. If there is not the 
historian to unravel the past, or the novelist to create drama, 
or the painter to convey the abstract, or the musician to 
instil rapture, this life may not be worth living “just for 
technology ” 








“NON-DESTRUCTIVE TESTING AND THE PRODUCTION ENGINEER ” 


(concluded from page 109) 


and continued efforts must be made by all concerned 
to obtain full and correct information about com- 
ponents under consideration. Despite its limitations, 
non-destructive testing has much to offer and by 
continued and constructive collaboration its frontiers 
will be extended until testing techniques will be 
evolved of a type not even envisaged at the present 
time. These techniques will, we hope, be swift, 
reliable and automatically self checking to such a 
degree that they can be operated with a minimum of 
skilled labour and be free from errors due to the 
human element. Before this is realised, we must face 
up to many failures and disappointments. Progress 
along this path will be easier and swifter if all con- 
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cerned have a clear appreciation of its objectives and 
incentives. It is hoped that this Paper will have 
helped in a small way to further this progress. 
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the last decade, the functions of the production 
engineer have been widened and deepened to an 
extent which presents a formidable challenge to all 
members of that profession. 

The successful production engineer of today is the 
leader of a team which embodies a wide range of 
talents, knowledge and skills. He has at his disposal 
the advice of numerous experts and _ specialists, 
technical and otherwise, whose knowledge ranges 
from the technical means of production to the estima- 
tion of the production potential and the complex 
problems of capital expenditure likely to be justified 
by a problematic scale of production. A sound know- 
ledge of industrial phychology and high skill in 
human relations is also required, since the most 
difficult problems of all are likely to be those 
associated with human beings, both at a higher level 
and in subordinate positions. 


Mr. Cook is a Quality Engineer at Rolls-Royce, Ltd., Derby, in charge of 


a section engaged in evaluation and development of non-destructive testing 


At one time a science master, he was in the Aeronautical Inspection 
Department stationed at Rolls-Royce, Ltd., from 1940 - 1945, and joined that 
Company in 1950 as a member of the Process Development Department, 
transferring to the Quality Department in 1955. 


Mr. Cook is on the Committee of the Non-Destructive Testing Group of 
the Institute of Physics and is also a member of the Penetrant and Magnetic 
Panel of the British Welding Research Association. 


The specialists involved thus cover a large number 
of activities, dealing with machine tools, jigs and 
fixtures, cutting media, forges, presses, welding equip- 
ment, foundry techniques, sand casting, die casting, 
lost wax casting, shell moulding, copying machines, 
transfer machines, automatics, machining research, 
operation planning, machine loading, pre-production 
planning, statistics and estimation, inspection, as well 
as other activities too numerous to list. 

Formidable as this list may appear, it is likely to 
be enlarged in the future and, therefore, this is a 
welcome opportunity to put before a meeting of 
production engineers an outline of the work being 
done in the field of non-destructive testing. This is 
not a new field by any means, but the past few years 
have seen a tremendous quickening of interest in this 
work. This has been brought about automatically by 
the increasingly critical nature of defects in highly 
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stressed aircraft components of today, highlighted by 
the Comet disasters, and by the obvious commercial 
aspects involved. 

The Americans have coined a phrase “ Non- 
destructive testing doesn’t cost — it pays”, and 
there is no doubt that in its proper application non- 
destructive testing can act as an invaluable guide to 
the production engineer by telling him how effectively 
he is succeeding in his efforts and, in the ultimate 
circumstance, may be the only means of keeping him 
in business. Production of itself is meaningless unless 
the product is suitable for its purpose, is of sufficiently 
high quality to maintain its position in a competitive 
field, and unless the production engineer has 
developed a technique whereby rejectable components 
are kept to an economic minimum. Here we have 
the crux of what can be a very thorny and difficult 
field of contention, where it is vital to consider all 
aspects of the situation in order to ensure that the 
flaw detection processes are adequate and realistic. 

Before examining this problem in any detail, how- 
ever, it is necessary to indicate briefly the scope and 
limitations of the various techniques at present avail- 
able for non-destructive testing and to stress that in 
the main it is proposed to deal with flaw detection. 
At the same time it is proposed to deal with a number 
of projects of special interest and then to return to 
the broader problem of how this work is of great 
value to the production engineer and how, conversely, 
the production engineer can help by a constructive 
approach and assist in establishing realistic methods 
of application. 


Available Techniques 
1. Visual Inspection 

The first and perhaps most important technique 
to be considered is visual inspection. Many of the 
techniques subsequently mentioned have visual 
inspection as an integral part of their procedure and 
in some cases this is the most critical aspect of them. 
so that some comments on visual inspection are 
appropriate. 

Visual inspection is by far the oldest technique 
known and can achieve adequate results if properly 
applied. Low magnification lenses or binoculars (up 
to 5 or 8X) are frequently used and conditions must 
be selected so that there is good contrast between 
defects and the background. Good, glare-free 
illumination is required. free from dazzle and specular 
reflections. Operators must be able to work free from 
physical strain and jigs and supports provided where 
these ease the problem of handling components. 

Careful balance must be maintained between the 
magnification used and the area an operator is 
required to examine. Higher magnifications are 
sometimes used with the assumption that sensitivity 
is being increased. Any gain is likely to be paid for 
in decreased reliability and it must be remembered 
that binocular work on an eight-hour day basis is 
tedious and exacting. High power binocular micro- 
scopes are basically for looking at something already 
found, not for finding something to look at. Fatigue 
and boredom are serious problems and considerable 
skill of diagnosis is called for. 
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Fig. 1. Principles of penetrants. 


2. Penetrants 

One of the defects of plain visual inspection is often 
the lack of contrast between the defect and the back- 
ground. Most penetrants represent an attempt to 
overcome this lack of contrast and at the same time 
present a magnified representation of the crack. 

The basic procedure is as follows :- 

The clean component is covered with the penetrant 
and time is allowed for the liquid to enter the crack. 
The surplus is then removed from the surface and the 
penetrant drawn out by application of a fine film 
of inert white powder. The colour of the penetrant 
shows up against the background and the natural 
seepage from the crack gives a larger area of signal 
than the original crack. This is shown in Fig. 1. 

Although there are penetrants working on a slightly 
different technique, the three principal types are as 
follows :- 


(a) Hot Oil and Chalk 

This is one of the earliest and most primitive 
methods. The component is soaked in hot paraffin 
and lard oil and then cleaned with sawdust or by 
washing with detergent solution. The clean, dry 
component is then dusted with fine, dry chalk. The 
film of chalk is stained by the oil and gives a magni- 
fied indication of the defect. Sometimes a build-up of 
chalk adhering at the point of seepage gives the 
same effect. 

This process, however, is relatively insensitive to 
tight cracks, since the contrast of defect indication to 
background is very low and although the ingredients 
are relatively cheap the inspection is both slow and 
uncertain, except for large defects. 


(b) Dye Penetrants - 

In order to increase the contrast, dyes, usually red. 
have been added to the penetrants which have also 
themselves been modified to work without the appli- 
cation of heat. These new penetrants are generally 
water emulsifiable, so cleaning is a straightforward 
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Fig. 2. Pilot plant for penetrants. 


water wash, and sensitivity has been further increased 
by using a developer consisting of a suspension olf 
fine powder in a volatile carrier. Dry powders may 
be used with some loss of sensitivity. 

This technique is much more sensitive than oil and 
chalk and is particularly suited to castings and also 
for local application and field work. 

(c) Fluorescent Penetrants 

Still further contrast can be obtained by the use of 
highly fluorescent additives. These penetrants give 
bright yellow or green indications against a deep 
purple background when the component is viewed 
under “black” light. This type of penetrant 
represents the greatest sensitivity at present achievable 
and, in a proper application, the easiest and speediest 
inspection of all. The process is illustrated in Figs. 
2 to 5, which show a pilot plant for processing turbine 
blades. 

The difference between the defect indications and 
the background (yellow to purple) is probably suffici- 
ently marked for the use of photo-electric cells and 
filters, in order to make the location of defects auto- 
matic by signalling the presence of yellow light. 
Attempts are being made to make such an automatic 
inspection device, although preliminary tests indicate 
that the filtering problems are not easy to overcome. 
and the systern must be capable of detecting a pin- 
point source of light. 

Penetrants will only indicate defects which are 
open to the surface. As the sensitivity increases, the 
problems of diagnosis increase and the selection of a 
suitable penetrant involves fairly large scale tests to 
assess these factors. In general, every possible applica- 
tion should be treated on its own merits, since factors 
other than sensitivity may be involved. These include 
speed of operation, cost of materials, general work- 
shop conditions and labour available. 


Fig. 4. 


Developing. 
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Fig. 5. Inspecting under black light. 


3. Etching 

Etching is used extensively for flaw detection, acid, 
alkaline and electrolytically assisted techniques being 
used according to the material. The chemical action, 
of course, removes material with preferential attack in 
the region of defects and is not completely non- 
destructive. For components of critical dimensions. 
only limited etching is possible, as repeated etching 
may affect components produced to tight limits. As 
a laboratory technique it is one of the most stringent 
methods available, although incorrectly used it can 
produce cracks in otherwise serviceable components. 

A good etch is a very searching means of crack 
detection and may reveal very tight defects likely to 
be missed by penetrants. This is due to the defects 
being opened up by the chemical action, whereas 
prior to etch no cavity for penetration existed. The 
defects frequently show well against the etched sur- 


face, although instances have been found of the etch 
camouflaging the defect in the grain boundary pat- 
tern. Spurious indications can also be very trouble- 
some and cause difficulties in diagnosis. Frequently 
also binocular microscopes have to be used to assist 
in detecting very fine cracks and this makes the pro- 
cess very tedious and exacting, as mentioned previous- 
ly. Visual fatigue and boredom are serious factors 
and operators have been known to miss glaring cracks 
whilst searching for minute indications. 

Etching is, of course, restricted to defects which 
reach the surface, although in some cases it removes 
sufficient material to show defects which were origin- 
ally beneath the surface. 

Considerable care must also be taken to assess the 
effects of a proposed etching technique on the fatigue 
and corrosion resistance properties of the components, 
This may involve a protracted series of lengthy tests, 


4. Anodic Inspection 

This technique is used mainly on forged aluminium 
alloy components and relies for its effectiveness on the 
seepage of yellow chromic acid showing against the 
matt grey background. The process has also a mild 
etching action and defects which do not seep can 
also be detected. 

This technique only reveals surface defects. 


5. Magnetic Flaw Detection 

This process is applied to magnetisable components 
and relies on the fact that the defects have a lower 
permeability than the material itself and consequently 
distort the magnetic field. At or near the surface, this 
distortion causes a leakage field which is strong enough 
to attract fine particles of magnetic material. 

The accumulation of particles indicates the defect 
which may be a crack, slag inclusion, segregation, or 
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Fig. 7. Magnetic weld inspection. 

change of structure. Not all of these are necessarily 
causes for rejection. The basic procedure is illustrated 
in Fig. 6. Leakage fields are also caused at sharp 
changes of section, corners, etc. Magnetic crack 
detection when properly applied is very sensitive, 
although diagnosis can present considerable trouble. 
It reveals surface and sub-surface defects according 
to the procedure but has the following limitations. 
It is directional to some extent and flaws in or near 
the direction of the magnetic flow lines are liable to 
be missed. To inspect a component for flaws in every 
direction can be slow and for complex shapes involves 
such a number of handlings and inspections as to 
make the process difficult to control, particularly 
when large numbers of components are involved. It 
is also rather messy and it is not always easy to tell 
whether the component has been effectively 
magnetised. The indications are easily wiped off and 
great care is needed in handling components. 

The magnetic powders in use are generally iron 
oxide suspended in a paraffin and black powder is the 
most common, although red, yellow, silver and 
fluorescent varieties are available. These variants 
are used in attempts to increase the contrast between 


Fig. 9. Crack detector for light alloy 


compressor blades. 





Fig. 8. Comparison of magnetic and X-ray results on 


butt welds. 


the flaw indication and the background. Another 
way of doing this is to paint the background white or 
use thin, white adhesive tape. The tape technique 
shows very promising results for weld inspection and 
the results of tests compare very favourably with 
X-ray. Fig. 7 shows the procedure and Fig. 8 shows 
typical results. 

A variant of the ink technique is in process of 
development. In essence this is an attempt to pick 
up the leakage field at a crack by a coil or probe and 
feed the signal into electronic equipment which will 
automatically signal the defect. Equipment is avail- 
able to do this in fairly simple cases, although the 
sensitivity achieved to date does not equal that of 
the ink method. The basic problem is that the leak- 
age field at a crack is very weak and can only be 
picked up very close to the surface. 

To make probes capable of scanning so close to a 
surface is not easy. The ink technique, of course, has 
the advantage that the fluid is in intimate contact and 
weak, local fields are detectable. 

However, insofar as the probe technique offers a 
means of introducing automatic inspection without 
the need of viewing, it is a line of development to be 
pursued energetically and the moderate sensitivity so 
far achieved should not be allowed to discourage 
further attempts to improve on this. 


6. Eddy Currents 

In recent years, considerable progress has been 
made in developing electronic equipment which will 
In principle, the 


detect defects by eddy currents. 














Fig. 10. Measurement of anodic films. 


instrument measures the effect on a coil carrying high 
frequency currents when a metal is introduced into 
the field of the coil. Devices of this nature have been 
available for a number of years, but suffered from 
the defect that they were affected by a number of 
variables such as dimensions, conductivity, composi- 
tion and hardness as well as defects, and it was 
difficult or impossible to resolve the effects of these 
(and possibly other) variables. Recent work has pro- 
duced instruments capable of resolving these to some 
considerable extent and instruments are now available 
for detecting defects in non-ferrous materials. These 
instruments are, however, very sensitive to the position 
of the probe relative to the component so that the 
application is limited to uniform components, e.g., 
eround bar, tubes, etc.. and a great deal of their 
value depends upon the severity of the defects they 
are expected to detect. 

The limitations due to geometry are thus con- 
siderable for general use, but for the inspection of 
critical components where considerable expense _ is 
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justified, their application is likely to be extended very 
considerably in the next few years. Here again, we 
have a potential method of inspection without visual 
inspection. 

This offers high speed automatic, foolproof inspec- 
tion and justifies the expenditure of considerable 
effort despite the limitations and difficulties en- 
countered. Fig. 9 shows an eddy current machine 
for detecting cracks in the bores of compressor blades. 

By suitable phase analysis it is possible to devise 
machines based on eddy currents which can measure 
the thickness of anodic films on light alloy com- 
ponents (see Fig. 10) and a number of measuring 
devices on the same principle have been developed. 

Direct measurement of conductivity is also feasible 
with this technique and the sorting of mixed materials 
is often possible by this means (see Fig. 11). 


7. Ultrasonics 

Ultrasonic inspection is a tool of great importance 
to the production engineer and recent years have seen 
a great increase in its use. This has been due to the 
improvement in instruments and the rather slower 
realisation of its potential by engineers generally. 
Although attempts are being made to deal with 
fairly complex sections, it is mainly in the field of 
large simple shapes that ultrasonics promises to be 
most useful. The principle of contact scanning is 
shown in Fig. 12 and Figs. 13 and 14 show applica- 
tions of this simple principle. The extrusion defects 
found in the rectangular bar are shown in Fig. 15, 
the bar having 0.150” machined off one edge to re- 
veal the defects which are completely internal. De- 
fects found in the round bar are shown up by 
penetrant in Fig. 16. Fig. 17 shows a fractured bar 
and Fig. 18 shows pipe located by ultrasonics. An 
alternative method of finding these defects by ultra- 
sonics is shown in Fig. 19, using an angle probe and 
a beam of ultrasonic waves echoing up and down 
along the bar. 


Fig. 11. Sorting materials by eddy currents. 
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Fig. 15. Internal defects found by ultrasonics in rectangular 


bar (x 2/3). 
Fig. 12, Principles of contact scanning. 


‘igi. = =13. Ultrasonic inspection of 
rectangular bar. 


Fig. 14, Ultrasonic inspection of round bar. 
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By finding defects in material at the earliest pos- 
sible stage considerable sums of money are saved 
and the resources of a modern production unit are not 
dissipated in efforts to produce components from un- 
sound stock. 

This point is further emphasised by Figs. 20 and 21. 
These show internal flakes due to hydrogen embrittle- 
ment in a 6’ 53” billet of S.82 steel. The material 
was rejected in the billet form. 


Another gain from the consumer’s point of view is 
that the metal producers become actively interested in 
the techniques and results obtained, and this can lead 
to a big improvement in quality. 

Ultrasonic inspection by contact scanning has a 
number of disadvantages. Apart from the question of 
awkward shapes already mentioned, it is inclined to 
be messy and unreliable when scanning large areas. 
The probes tend to wear away, but the most important 
feature is the inability to be sure that the operator 
has fully covered the component. Most modern sets 
have single probes combining the duties of trans- 
mitter and receiver, although some sets have double 
probes, but even with single: probes difficulties are 
encountered which can be best described as “ finger 
trouble ” 


In an attempt to overcome these difficulties, the 
method of immersion scanning has been developed. 
The principle is basically the same, but the coupling 
between the transmitter and the component is effected 
by a layer of water instead of a film of oil. The 
basic idea is shown in Fig. 22 and a simple tank 
working on this principle is shown in Figs. 23 and 24. 
This technique ensures complete scanning of suitable 
areas and this can be made fully automatic with 
monitoring to indicate defects. A great deal of work 
has been done in the States on this type of equipment, 
chiefly on simple shapes such as light alloy slabs for 
aircraft spars, etc. Steel discs and circular forgings are 
also being examined in much the same way. 


Figs. 16-19 (reading from top down). 


Fig. 16. Cracks in round bar found by 
ultrasonics and shown by _ penetrant. 


Fig. 17. Fracture of round bar showing 
defect (x 1). 


Fig. 18. Internal pipe found by ultra- 
sonies (x }) 


Fig. 19. Ultrasonic inspection of bar by 
angle probe. 





























Fig. 20. Axial flake in §S.82 steel found by ultrasonics 


(x 2). 


The tank illustrated in Fig. 23 has produced some 
valuable results. ‘Typical defects located inside steel 
forgings are shown in Figs. 25 to 28. The ability to 
assess the depth of these flaws as well as their radius 
enabled predictions to be made as to whether they 
would fall across or in the finished section. 

Only in this case can the forging be rejected, since 
defects outside the finished section will machine 
away without being noticed. 

In addition to the large saving in machining time 
effected in these cases, some of these components 
were in short supply and their early rejection enabled 
replacements to be progressed and thus reduce delays 
in the engine programme. 

There appears to be a big future for this type of 
work and it is fairly safe to predict that the ultrasonic 
inspection of all heavy rotating members of aero 
engines will soon be mandatory. The equipment 
illustrated has been used to anticipate this 
requirement. 

The limitations of this type of equipment are, 
firstly, its inability to cope with complex shapes due to 
difficulties of interpretation and, secondly, that it 
cannot readily deal with sections below about 0.500”. 
These two conditions combined make the use of this 
type of ultrasonics on finished aircraft components 
rather small. The use of improved crystals and cir- 
cuitry, however, may help to reduce the section cap- 
able of being inspected by echo techniques. In 
addition, two other ultrasonic techniques are now 
available : inspection by surface waves and inspection 
by transmission techniques. Under suitable conditions 
ultrasonic waves can be generated which skim the 
surface of the component and detect cracks by echo. 
Fchoes are also produced by sharp corners and radii 
so the possible applications are limited. Fig. 29 shows 
a surface wave crystal in use. 

The transmission technique consists of sending a 
continuous beam of sound through a component, with 
internal reflections if necessary, and measuring the 
intensity of the emergent sound beam. The presence 
of a defect causes a sharp fall in intensity. 

This seems a very good tool for special investiga- 
tion, the main difficulty being to ensure good, con- 
sistent coupling at both transmitting and receiving 





Fig. 21. Transverse flake in steel found by ultrasonics 
(x 2). 


probes and to maintain constant geometrical relation- 
ship by firm jigging. On a production basis this 
presents great difficulties and the use of immersion 
techniques seems the only answer. This, however, 
remains to be established. Fig. 30 shows an instru- 
ment working on this principle. 


8. X-Ray 

Radiography is well established as a means of 
inspecting the interior of components, although as a 
means of crack detection it must be rated very low. 
Basically, this is because radiography is capable of 
detecting difference in X-ray path, generally of the 
order of 2°/ of the section under examination, al- 
though much better sensitivities are claimed in special 
circumstances. Cracks very rarely occupy this propor- 
tion of the section unless orientated exactly in line 
with the beam. For example, X-ray is incapable of 
revealing defects similar to those shown in Figs. 25 
to 28. 
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Fig. 22. Principles of immersion testing. 





Fig. 24. 


Fig. 25. 
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Ultrasonic immersion tank in 
use. 


Defect found by immersion testing (x }). 





Fig. 26. 


Fig. 23. Ultrasonic immersion tank. 


Defects found by immersion scanning (x 
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Fig. 27. Dise cut and fractured to show defect (x 4). 


Thus the main function of X-ray is to detect in- 
ternal unsoundness of a relatively gross order, and 
instances can be found of designers calling for X-ray 
examination with the mistaken idea that they are 
instituting an effective inspection for flaws. 

By replacing the photographic plate by a fluores- 
cent screen, it is possible to inspect components much 
more cheaply and more rapidly. Unfortunately there 
is a serious loss of sensitivity and fluoroscopy can only 
be used to detect gross defects. It can, however, be 
very effective in certain applications, e.g., checking 
inaccessible assemblies such as radio valves, electric 
circuits, etc., for completeness. 


General Observations 

The foregoing notes give a brief outline of the 
scope of the work going on in the various fields of 
non-destructive testing. The techniques themselves 
are very varied, but anyone working on them will 
encounter difficulties and problems which are com- 
mon to them all. 


Standards 

One problem is that of standards. A great deal of 
confusion frequently exists here and the standard of 
serviceability is often only vaguely defined. Truth is 
said to be at the bottom of a well and this is certainly 


Fig. 29. 


Inspection by ultrasonic surface 
waves. 


Say 





he nd 


498 


Fig. 28. 


Defects in forging found by immersion testing 
(x $). 


a deep one. Designers, quality engineers and inspec- 
tors often err on the side of safety as they are bound 
to do, especially if they are dealing with components 
about which little service experience is known. Pro- 
duction engineers see the problem a little differently 
and have been known to express strong opinions 
about standards which appear too stringent. It is, 
however, important to realise that the finding of 
defects by a particular technique and the establish- 
ment of standards are two distinct processes. 
Admittedly, a new technique of inspection may reveal 
defects hitherto unseen and so affect the standard of 
acceptance, which has always to be assessed in the 
light of as full a knowledge as can be obtained and 
calls for close liaison between Production, Service and 
Development Departments. A great deal of work is 
involved in correlating standards by two different 
techniques and improvement in flaw detection tech- 
niques almost always makes the problem more 
difficult; this difficulty is sometimes the reason for 
rejecting a new technique, perhaps unwisely. 





Attitude to Inspection 


A second problem is a rather broader one and that 
is the attitude of mind towards inspection. This 
attitude is shown at its worst by those who regard 
inspection as a necessary evil, not to be encouraged 
unduly. 

Vast sums of money have been spent on the means 
of production ; multi-spindle machines, transfer 
machines, bigger and better forges and presses, auto- 
matic multiple copying machines, high speed tools, 
automatic finishing machines and so on have been 
produced to speed up production. Whilst the means 
of production have vastly increased, very little con- 
sideration or effort has been made in the past to speed 
up the means of flaw detection. It is therefore no 
wonder that management suddenly find that it is 
costing more to inspect some components than to 
produce them. The checking of dimensions has been 
mechanised in some cases. Admittedly the problems 
are of a different order of difficulty. To make, say, 
a multiple head copying milling cutter is simple, 
compared with the problem of designing an instru- 
ment capable of showing the discrimination and 
sensitivity of the human eye over the wide range of 
indications by which defects can show themselves. 
Nevertheless, unless determined efforts are made to 
solve this problem the inspection of components is 
likely to take an increasing proportion of the overall 
time to produce a component. In order to reduce the 
adverse ratio of production to inspection time, it is 
evident that considerable time and money must be 
spent to apply the resources of science and electronics 
to produce instruments capable of replacing or 
supplementing the human eye. 


The Problem of Numbers 


The third problem facing the worker in this field 
is that of numbers. This is encountered in three 
rather different ways. 

The first is fairly simple, although it is surprising 
how many workers in this field have failed to realise 
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it. On any production line flaws and defects occur 
under very variable conditions and the causes may 
range from individual batch or component troubles 
to complete changes of technique. It is difficult to be 
sure beforehand that a given batch is even typical, 
so it is inevitable that considerable numbers of com- 
ponents need to be processed to arrive at a correct 
overall picture and so form a reliable assessment. 

Some workers in this field are prone to producing 
odd specimens (usually with a freak defect) and in- 
viting the unwary enthusiast to try his hand. The 
results are usually misleading and it is imperative to 
work on as large a number as possible, to use a fairly 
large number in a trial run to learn the pitfalls and 
establish a working standard and then to follow this 
with a sizeable pre-production run. The findings 
should be assessed by,all means available, using other 
non-destructive techniques as well as destructive tests, 
to ensure that realistic conclusions are obtained. The 
numbers involved will vary according to the type of 
component. To give a concrete illustration, a recent 
test on a certain critical component involved over 
8.000 pieces before production inspection was 
instituted. In an exercise on precision castings some 
300 were inspected to verify the technique and over 
3.000 for trial purposes. On large castings, smaller 
numbers may be sufficient to give an answer, since 
each casting can form a number of exercises in itself. 


The Problem of High Standards of Reliability 

The second problem of numbers is more difficult, 
particularly on aero engine work. This problem is 
basically that of improving on a process which has 
already achieved a reliability of, say, 99.9+%. Again 
take a concrete illustration. A component is being 
inspected at a rate of 50.000 a week with a reliability 
of, say, one defective component missed per 10,000 
inspected. This is a high order of performance by 
any standard, but nevertheless represents five com- 
ponents per week which must be rejected. The 
defects missed are found on a second inspection, but it 
is obviously desirable to find a foolproof first inspec- 


Fig. 30. Inspection by ultrasonic 
transmission. 
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tion technique. To do this entails a very large scale 
effort indeed and may necessitate running two inspec- 
tion processes side by side on a production line, with 
alarming results on output. Of course, before this 
was embarked upon, smaller trials to assess 
potentialities would have to be successfully carried 
out, but these figures illustrate the size of the problem 
facing the aeronautical engineer today. Whether any 
process involving human perception and skills can 
substantially improve on 99.9% reliability is itself 
doubtful, and the field for reliable automatic inspec- 
tion devices is wide open. 


Detection of Rare Defects in Critical 
Components 

The third problem is that of finding an inspection 
technique for a defect which is rare although it is 
critical. In this case, also, one is faced with a very 
prolonged programme of testing and evaluation, and 
considerable patience is needed in recording and 
analysing results. Frequently much of the evidence 
is negative. To take a concrete example ; say 500 
forgings are inspected by a new ultrasonic technique 
and passed as free from defects. These have to be 
followed through and out of these, 490 are finally 
passed as satisfactory, and 10 are scrapped for reasons 
other than defects. The results of this test are largely 
negative. It is only when a defective forging is 
predicted and confirmed, or a forging passed by ultra- 
sonics is rejected as cracked at final inspection, that 
positive evidence can be obtained. The infrequency 
of internal cracks in some forgings leads to very 
long tests to attempt to prove a point. The diversion 
of such a large quantity of forgings inevitably has 
some effect on the progress of production items, and 
it is clearly essential that co-operation with production 
personnel is maintained. For an exercise of this scale 
to be effectively carried out and follow-through 
checks to be made, it is unavoidable that many people 
are involved and the problem is made much easier if 
the production engineers concerned appreciate the 
broad outlines and purpose of the effort. 

Returning to the 500 forgings, there is a major 
pitfall to avoid. The conclusions on the ultrasonic 
tests assume that checks have been made to prove 
the validity of the procedure. But it must be borne 
in mind that 500° good forgings could have been 
passed good by any technique, for that matter with 
the ultrasonic set switched off. This point is not so 
ridiculous as it seems. Inspection techniques of this 
sort have been known and since they are equally 
effective in passing good and bad components, so 
long as the components are good everyone is happy in 
their ignorance. It may be only when defects are 
found by some other way that the inadequacy of the 
technique is realised. Where defects are very rare the 
problem has always to be posed as to whether the 
absence of defects is genuine, or whether they are 
present but not found by the technique in use. 

This brings us to the final arbiter of all things 
good or bad — the engine itself. All standards are 
ultimately set by the engine — a very hard taskmaster. 
It shows neither discretion nor consideration, although 
it frequently shows disconcerting unpredictabilities. 


As powers and performances advance and stresses rise, 
new standards are needed and old standards, built 
up over years, may be scrapped overnight. ‘The 
production engineer is faced with making new and 
more complicated complexities and the inspector and 
quality engineer have to find ways and means of 
testing them to reasonable standards. It is only by a 
full understanding of each other’s problems that 
progress can be achieved and the future assured. 
By way of recapitulation, it is worthwhile to look 
at the flaw detection processes in a functional capacity 
and in this respect they serve in three distinct fields. 
The first is the inspection of raw materials and 
part processed components. Here the main objective 
is to prevent the production engineer applying his 
efforts to unsound stock. In many cases, the 
traditional laboratory metallurgical procedures are 
very inefficient for flaw detection and they are 
increasingly being supplemented by the use of ultra- 
sonics, penetrants, eddy current and other techniques. 
Inspection at this stage offers great saving in wasted 
machining time and also provides a very valuable 
control in that it prevents the pipe line from being 
filled with unsound material. This latter aspect is 
sometimes not appreciated until it is too late, and 
production schedules and programmes are disrupted 
when components are rejected in the finished state. 
The second function is that of detecting defects in 
finished components. Here, by far the greatest effort 
is expended and the defects thrown up may be either 
due to unsoundness of the original stock, or due to 
poor manufacturing technique. Here again, a valuable 
guide is available to the alert production engineer to 
enable him to find the cause of the trouble and to 
remedy it insofar as it is within his power to do so. 
Other non-destructive tests are frequently carried out 
at this stage such as pressure testing, rig testing and 
the like but these are outside the scope of this Paper. 
The third important function is to test the com- 
ponents during repair. This is a field with special 
problems of its own, since the defects encountered 
are caused by running and are consequently very 
different from manufacturing defects in new com- 
ponents. Repair components are often difficult to 
deal with owing to oxidation, the need for removing 
paints and enamels, and cleaning generally. Fine 
fatigue cracks which may be under compression when 
the component is static can also be very troublesome 
and call for the most stringent inspection techniques. 
Whilst the defects found can be valuable to the 
production engineer, the majority prove to be a guide 
to the designer and _ development engineer. 
Nevertheless, the production engineer has to study 
any defects found at repair with the greatest care, 
since the discovery of defects due to faulty manu- 
facture invariably has very serious repercussions and 
may call for remedial action on a very expensive 
scale, perhaps necessitating the withdrawal from 
service of suspect items. 
The main conclusion to be reached from all this 
work is that non-destructive testing is an essential 
guide to the production engineer, and that determined 


(Concluded on page 96) 
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eal discussing with physicists and engineers the 
application of pneumatic gauging to their problems 
in linear measurement, it invariably emerges that 
those who have not already used the technique are 
at a loss to know how to set about it. What pressure 
should be used, what type of jet would be suitable, 
what would be the best arrangement to secure the 
sensitivity required, and so on; these are the questions 
asked, and that they should be asked points to the lack 
of published information on such practical matters. 
It is the object of the present Paper to try to remedy 
this situation. 

The Paper will, however, deal only with that type 
of pneumatic gauging in which a displacement or a 
change of size is determined by measuring the change 
of pressure which it is made to produce.(1.?.3.4.5.6) 
This is the scheme most commonly used in this 
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country, and it needs to be distinguished from an 
alternative technique, used extensively in America, 
in which the flow of air is measured.(”) It has the 
advantage that several different methods are available 
for measuring the change of pressure, so that indicat- 
ing or recording instruments may be used; also, 
when required, pneumatic amplification may be 
introduced to raise the pressure change to a power 
level adequate to serve as a control signal for 
automation. 


Theoretical Considerations 


The principle of the pneumatic gauging technique 
to be discussed can best be described by reference 
to Fig. 1 (a). Air from a constant pressure source 
is supplied first to an orifice O, and thence to an 
orifice Om through which it escapes to the atmosphere. 

















Let P be the pressure upstream of the first orifice 
p the pressure between the two orifices 

both being measured with reference to the atmos- 

pheric pressure as datum. 


The relation between p and P will depend upon 
the relative sizes of the orifices, and the limiting 
values for p are obviously P, when the second orifice 
is closed completely, and zero (atmospheric pressure) 
when this orifice is removed. 


Let C be the geometrical area of O, 

M the geometrical area of O», 
Then, if P and C are kept unchanged whilst M is 
varied, the relation between the dimensionless 


ee M ; 
quantities 4 and CG has the general form shown in 


Fig. 1 (b). This relation has been investigated 
experimentally at the National Physical Laboratory 
for several values of the constant pressure P within 
the range 2 to 75 lb./in.2* and some of the curves 
obtained are reproduced in Fig. 2. This work will 
be described in more detail in a Paper to be published 
later, but some of the conclusions drawn from it are 
summarised below. 


Examination of any one of the curves obtained 
: i ae ee 
when s is plotted against C shows that within the 
range 
6 f 8 
oO. < P <= oO. 


the curve approximates very closely to a straight line, 
the equation to which may be written in the form 


. «= M 
5 = 4-& 


(1) 
Inspection of the family of curves shows that A, 
the intercept on the p axis, is surprisingly constant 
P 
over the range of pressures covered by the experi- 
ments, and for practical purposes the value A =1.10 
may be adopted for any value of P which is likely 
to be used. The slope of the straight portion of the 
curve is not, however, independent of P: its numerical 
value decreases as P increases and the limiting values 
are approximately 
b = 0.58 when P = 
= 0.41 when P = 


2 Ib. /in.2 
75 Ib. /in.2 


Certain important practical relationships can be 
drawn immediately from the foregoing. 


1. Range of Linear Measurement 
The linear part of the curve being represented, 


z h 
within the range 0.6 < f < 0.8, by 


M 
£ = 1.10 -- b CG 
let Mr, represent the minimim value of M 


and let M, represent the maximum value of M 
within the linear range (see Fig. 3). 





* tinch=2.54 cm. 1lb.=453.6g. 101b./in.2=0.70 kg./cm.? 
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Principle of the pneumatic gauging technique. 
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so that the linear range of M is 50% of the average 
value, a result which is independent of the value of P. 


(NOTE. The choice of the limits 0.6 and 0.8 for 
p may be criticised as being too severe. Their 
r 

use ensures linearity within 1%, but where some 
loss of linearity at the extremes is acceptable, they 
may be opened up to 


0.55 < < 0.85 


or even to 


0.5 < 5 < 0.9 


If the first of these alternatives is adopted, the 
range becomes ? M,. 


The theoretical conditions which must be satisfied 
to obtain linearity between and M when P and C 
are constant have been described. To obtain 
linearity between f and the dimension being measured 
it is, of course, necessary also that change of the 
dimension should produce a proportional change in 
M, and the measuring head must be designed 
accordingly. 

This may be exemplified by considering the action 
of a simple jet 7 (Fig. 4) impinging on a surface S$ 
whose displacements are to be measured. Escapement 
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Fig. 3. Range of linear measurement. 


of the air from the jet may be considered to be 
determined by the area of the curved surface of the 
cylinder of diameter D and length L, and under 
appropriate conditions, which will be discussed 
later (p. 117), 
M=kxDL 

where & is a numerical constant. Displacement of 
the surface thus produces proportional change in M 
and linearity between p and L is realised. 


2. Pneumatic Sensitivity 


By differentiating equation (1), the pneumatic 
sensitivity, dp, over the linear part of the character- 


dM 
istic is obtained. Thus 
dp P 
ae > 42 (3) 


It will be seen to depend directly on P. It also depends 
indirectly on P, since b = f (P); from the design 
point of view, however, this qualification of the 
sensitivity is not so significant as the direct variation 
with pressure. 


If now C is chosen so that when M has its average 
value p is at the mid-point of the linear range, 
ic. p = o.7 P, 


M. 
0.7 = 1.10 — b a 
b _ 9-40 

= oo = 2 


and, from (3), the penumatic sensitivity may be 
stated as 

dp P 

aM =— ~ (4) 


3. Overall Magnification 


The overall magnification of a pneumatic gauge, 
i.e. the ratio of the linear movement of the pointer 
or index of the final indicating device to the change 
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of linear dimension L which produces it, will depend 
also on (a) the rate of change of M with LZ and 
(b) the sensitivity of the pressure measuring device 


i.e. the rate of change with p of the reading R of 


this device. 


Thus the overall magnification is given by 


dR dR dM 
dL dM* dL 
jd _ Rm dM 
— @ ” = * 2? 


(5) 


4. Design Equations 


The equations obtained in the preceding sections, 
viz. : 
Linear range (1 % linearity) = 4 M, 
D 
Pneumatic sensitivity = 0.40 M (numerically) 
a 


Overall magnification 
dR dR dp dM 
dl dp * dM°* dL 
provide a basis for calculation when designing a 
pneumatic gauge to suit any particular problem. 


Their use may be illustrated by referring again 
to the simple jet (Fig. 4). 
M = kxDL 
and My. = kw DE, 
where Ly is the average separation of jet and surface. 


Fig. 4. 





Simple jet impinging on a surface. 





If the pressures P and fp are measured by means of 
a water column and if H and # are the corresponding 
lengths of column, 
P= p gH 
p gh 
where p is the density of the water and g the accelera- 
tion due to gravity. 


TI dR dh I 
1en dp dp p “@ 

dp P p gH 

and iM = —04°7¢ = —0-40 FopT- 
dM 
Also, ” | on krD 

so that the overall magnification is 

SF Ws ud 

- ae X —0.40 pon Z. kxD 
; dh H H ; 
Le. a7 eT = eer numerically 


The range for 1 % linearity is 4 Li, 

Thus, if the required linear range of measurement 
is 0.001 in. and a constant pressure P equal to 20 
inches of water is to be used, 


Ea = 01002 and H = 20 


Then the overall magnification, i.e. ratio of the 
movement of the meniscus of the water column to 
the corresponding displacement of the surface, will be 

dh e 20 
=<" —— ~ eae 


= 4,000 
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Alternatively, with the same jet arrangement, and 
with P made 40 lb./in.*, let a Bourdon gauge be used 
to measure p. Let the (uniform) scale length of the 
gauge for the range o to 40 lb./in.? be 20 inches and 
let the average separation of jet and surface again 
be Lz = 0.002 in. 


Then the overall magnification is 


dR dR dp dM 


ee a aa 2 
20 O 
= 90 X “iD x ooo * **D 
= 4,000 


The sensitivity is thus the same as when the 
pressure was measured by means of a water mano- 
meter. In general, if P is the constant pressure used 
and A is the length of uniform scale on the pressure 
measuring device corresponding to the pressure 
range O — P, then the overall magnification is 


A 
aL = 0.40 fC 
Thus, although, by using a larger value of P, the 
pneumatic sensitivity may be increased, there will 
generally be little gain, for practical reasons, in the 
overall magnification. It follows that the only 
effective method of increasing the overall magnifica- 
tion is to reduce the average separation between the 
jet and the surface, this reduction being, of course, 
accompanied by a corresponding reduction in C 
in order to preserve the relationship p = 0.7P when 


M = M,. 


This need to reduce the separation in order to gain 
high sensitivity is the chief disadvantage of the pneu- 
matic technique. One way of overcoming the 
difficulty is to use two stages of amplification, both 
pneumatic. A two-stage comparator of overall 
magnification 100,000, in which the average clearance 


Cc; Jj 
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at the measuring head was 0.004 in., was designed 
at NPL some years ago.(®) 


5. Speed of Response 


The speed of response of a pneumatic measuring 


device, although not very different from that of 


measuring systems involving high mechanical ampli- 
fication, is considerably slower than that of electrical 
or electronic devices. The pneumatic technique is, 
therefore, quite unsuitable for rapid dynamic 
measurements, that is for measurements for which a 
time constant of less than 0.1 second is essential. 
For continuous measurements required to give time- 
average values the pneumatic gauge is, however, 
quite suitable, the integration resulting from the 
relatively long time constant being an advantage. 
Indeed, in many applications to continuous measure- 
ment it is useful, and easy, to increase the time 
constant by adding suitable pneumatic networks. 

The reason for this tardiness of the air gauge is 
easy to see. Between the measuring head and the 
control orifice (Fig. 4) there exists a closed volume, 
to which must be added the volume associated with 
the device used to measure p. A dimensional change 
at the measuring head, i.e. a displacement of the 
surface S$, produces a change in p because it alters 
the rate of flow of air through the control orifice O,. 
The time needed to establish the new value of p 
depends on the volume mentioned and on the rate 
of flow. The latter, in turn, depends on the value 
of P and the size of the control orifice. To quicken 
the response, therefore, the volume must be reduced 
and the rate of flow increased. Since the overall 
magnification of the system depends on C, being 
inversely proportional to it, the speed of response 
will fall as the magnification is increased. So, when 
seeking high sensitivity, one must accept slow 
response. 


Fig. 5. An illustration of the Wheatstone bridge principle. 




















Practical Considerations 


1. Air Supply 

In most cases, an air supply line at adequate 
pressure and providing an amply sufficient flow is 
available in the factory or workshop, but if not a 
suitable compressor can be purchased. It is important 
that the air supplied to the pneumatic gauge should 
be clean and dry, but the availability of commercial 
filters makes this requirement easy to meet. 

To provide the constant pressure P a_ pressure 
regulating device must be fitted, and it may be 
necessary to precede this with a simple pressure 


reducing valve. For low pressures, of the order of 


1 lb./in.?, a water bubble-tank is a suitable pressure 
regulator. In this device, the incoming air is led 
into a tube whose open end is 20 in. or, in the case 
of the larger tank, 40 in. below the water surface, 
and the air flow is adjusted by a control valve so that 


the air bubbles break regularly from the bottom of 


the tube at a suitable rate. Alternatively, a diaphragm 
operated mechanical pressure regulator, which 
automatically keeps the pressure constant irrespective 
of the flow, may be used. These regulators are 
made for a wide range of pressures and will provide 
regulation within 1%; that is to say, the outgoing 
pressure will show no variation exceeding 1 % of the 
variation in the input pressure. For special projects, 
or when the air supply line is subject to large varia- 
tions of load so that its pressure fluctuates widely, it 
may be necessary to fit two pressure regulators in 
series. A bellows-operated or Bourdon type pressure 
gauge should be provided to show the actual value 
of the pressure supplied to the pneumatic gauge. 
The constant pressure used in pneumatic gauging 
may have any value from twenty inches of water or 
less to 40 lb./in.? or more and the choice lies with the 
designer. The use of a high pressure reduces the 
time-constant, which may be useful in some appli- 
cations; it increases the pneumatic sensitivity, but 
as the overall magnification depends also on the 
means for measuring p (see p. 112) this may not be as 
useful as it might seem at first sight. On the practical 
side, it has a useful scouring action; thus, when work 
is being measured on a machine tool during manu- 
facture, a high pressure at the measuring head 
removes swarf and coolant. The advantages con- 
ferred by employing low pressures are that high 
overall magnification can be obtained by using a 
simple device, i.e. a water column, to measure # and, 
second, that delicate objects can be gauged without 
damage. This latter advantage is, of course, due to 
the fact that a low pressure pneumatic gauge exerts 
very little force on the object being measured. A 
measurement made at NPL showed that the force 


exerted on a surface by a jet of air at a pressure of 


10 lb. /in.* issuing from an orifice of diameter 0.040 in. 
placed 0.001 in. from the surface was 0.2 oz. wt.3. 
If the pressure were reduced to 1 lb./in.?, the force 
would be reduced to about 0.02 oz. wt. 

It is not possible to give a precise estimate of the 
quantity of air required by any given pneumatic 
gauge. The consumption will depend, of course, on 
the mean escapement area at the measuring head and 
on the pressure used. The following table, which 


gives the results of some measurements made at 
NPL, may serve as a guide for calculation. In each 
case the flow, expressed in cubic feet of free air per 
minute, is given for a simple jet impinging directly 
on a surface. 








Diameter | Distance of | Pressure at 
of Jet Jet from the Jet Flow 
a Surface 
(D) (L) (p) 
in. in. Ib. /in.? ft.3/min. 
0.05 0.005 10 0.4 
0.03 0.003 10 0.15 
0.02 0.002 10 0.09 




















2. Measurement of the Varying Pressure p 

For indicating the variation of the pressure p 
between the control orifice O, and the measuring 
orifice Om, a choice of means is available.* The 
water manometer offers a simple method for low 
pressure work. For higher pressures, a pressure 
gauge, in which the sensing element is either a 
Bourdon tube or a flexible bellows, may be used. 
The pressure gauge should have a full-scale reading 
corresponding to P. Since the variation in p will be 
confined to the range 0.6 to 0.8 P for 1% linearity, 
or to 0.5 to 0.9 P for an inferior linearity, only part 
of the scale of the pressure gauge will be used for 
measurement, a point to be remembered when 
deciding the size of dial required. When a flexible 
bellows is used as the sensing element, it is usually 
advantageous to use the bellows differentially, 
applying the constant pressure P on one side of the 
bellows and the variable pressure p on the other; the 
bellows now responds to P — p and the arrangement 
has the advantage of giving partial compensation for 
undesired changes in P. 

Another arrangement is one based on the well- 
known Wheatstone bridge principle. This is illustrated 
diagrammatically in Fig. 5 which shows a scheme for 
measuring the displacement of a surface S,. The 
constant pressure P is supplied to the measuring 
circuit, comprising the control orifice C, and the 
jet 7,, and at the same time to a similar circuit C,, 
Jz the second jet blowing on a fixed surface S,. The 
bellows measures the difference p, — 2, its movement 
being magnified by suitable means. This arrangement 
also compensates, though not completely, for changes 
in P. If, for example, the maximum value of p, — pf, 
is + o.1 P, a 2% change in P produces only a 
+ 0.2% change in p, — py. A “ Dial Air” gauge 
has been developed especially for pneumatic gauging, 
using this principle, the movement of the bellows 
being magnified mechanically and displayed by 
pointer and scale. The second jet and surface are 
replaced by a needle-valve which, being adjustable, 
also provides for zero adjustment. 


* Whichever means are adopted, the pressure measuring 
device would, of course, be fitted with a scale appropriately 
graduated in units of length. 
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Fig. 6. Scheme of amplification when measuring textiles. 


When it is required to record, rather than to 
indicate, the variation of the pressure p, use may be 
made of pressure recorders with Bourdon tube or 
bellows-driven elements to which the pressure is fed 
directly. A method of recording developed by the 
Author some years ago for measuring textiles (which 
necessitated working at pressures not exceeding 
1 lb./in.*) is shown schematically in Fig. 6. The 
variable pressure p was fed to the back of a spring- 
loaded diaphragm made of two thin aluminium 
disks, with a closing annulus of thin polyethylene 
sheet. The diaphragm displacement was linear with 
pressure to within 1 % and the rate of the spring was 
such as to produce a displacement of } inch for a 
change of pressure of 2 inches of water. The dia- 
phragm was coupled mechanically to a Pneumatic 
Motion Transmitter, which can provide a change of 
output pressure of about 12 lb./in.? (i.e. from 2 to 
14 lb./in.*) for an input displacement of } inch and 
is linear within 1%. The principle of operation of the 
transmitter, which is completely free from drift, is 
interesting and an account of it has been given in 
an earlier Paper. 


The use of a pressure transducer and pneumatic 
amplifier has two advantages: it allows for depression 
of zero so that full scale deflection is made to corres- 
pond to the full linear change in f, and it provides 
signals at power level which may be used for 
automatic control. Other types of pneumatic 
amplifier are available and the pressure transducer 
may, of course, be a spring-loaded bellows. 
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3. Design of Measuring Heads 


The extreme flexibility of the pneumatic gauging 
technique is very much the result of the wide latitude 
permitted in the design of the measuring head. The 
designer’s slogan might well be: ‘‘ To each job its 
measuring head.’ It would be tedious and un- 
rewarding to attempt to describe the numerous 
designs which find a place in industry. The dis- 
cussion will therefore be confined to a statement of 
the general principles to be followed when considering 
the most suitable form of measuring head for any 
particular problem, with an indication of the types 
which have been found successful. 

Measuring heads in use may be divided broadly 
into two classes :— 

Class I: Those in which a change in the size of the 
dimension being measured directly affects the 
air escapement. 

Class II: Those in which a change in the size of the 
dimension being measured affects the air 
escapement indirectly. 


The jet blowing directly on a surface whose dis- 
placement is to be measured (Fig. 4) is an example of 
a measuring head of the first class. No contact is 
made with the work under measurement. This, 
however, is not always true for measuring heads of 
this class; thus, the head shown in Fig. 7 (a) for 
measuring material in thread or wire form belongs 
to Class I, but in this case there is or may be contact. 
In the Class II measuring heads, a stylus makes 
mechanical contact with the work-piece, the air 
escapement being altered as a result of the movement 
of the stylus. An example is shown diagrammatically 
in Fig. 7 (b). Both classes of measuring head have 
their advantages and the choice between them 
usually turns on the kind of measurement required. 


Class I measuring heads lend themselves readily 
to the design of pneumatic gauges for measuring over 
a short range at medium or high sensitivity; they are 
not so useful for measuring over long ranges. Thus, 
the jet of Fig. 4 set at 0.002 in. from the surface will 
very conveniently measure displacements of this 
surface within the range -+-0.0005 in. with a linearity 
within 1%; set at 0.006 in. it will similarly cover the 
range +-0.0015 in. It is not, however, convenient to 
extend the range very much further, especially if 
several jets are being used simultaneously because 
the air flow becomes large (cf. p. 117). 


Class II measuring heads, on the other hand, are 
particularly suitable for measurements over longer 
ranges. In the type illustrated in Fig. 7 (b), the 
stylus arm can be so proportioned that the displace- 
ment of the plate in relation to the jet is less than 
the corresponding movement of the stylus. In other 
words, the jet and plate, which comprise a Class I 
measuring head, are used at a convenient range and 
sensitivity but the overall magnification is reduced, 
and the permissible range of measurement increased, 
in proportion to the reduction ratio of the stylus arm. 
Another example of the Class II measuring heads is 
shown in Fig. 7 (c). Here, the axial movement of the 
stylus varies the area of the escapement annulus M 
and the relative rates of change of these two quantities, 
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which depends on the rate of “ taper’ of the inner 
member, can be selected to provide linear response 
over the range of measurement required. With this 
type of measuring head, usually known as a poppet 
valve, it is not difficult to extend the measuring range 
to 0.025 in. or even more. 

Before proceeding to consider the other forms of 
measuring head illustrated in Figs. 7 and 8, it will be 
well to recall the requirement mentioned earlier 
(p. 112), namely, proportionality between change in 
the dimension under measurement and the corres- 
ponding change in the escapement area M. For the 
simple jet (Fig. 4) proportionality is secured as long 
as the effective escapement area is represented by 
kx DL. This condition can hold only within certain 
limits—it is obviously not the case if the jet is, say 
3 inches away from the surface. The limiting value 
for L will depend on the diameter of the jet and ex- 
perience at NPL has suggested that Ly should not be 
greater than 1/10D. (It is this qualifying relationship 
between D and L, which renders it undesirable to 
use the simple jet for measuring dimensional changes 
over a large range. Thus, a linear measuring range 
of 0.005 in. would require Lg to be 0.01 in. and D not 
less than 0.1 in., and this would entail a large air 
consumption i.e. a few cubic feet per minute). In the 
case of the poppet valve, linear relationship between 
axial movement of the stylus and change in the 
escapement annular area M calls for the moving 
member to have a parabolic section. The linear 
range of measurement of the stylus will depend on 
the latus rectum of the parabola. 

To resume consideration of the types of measuring 
heads available, Fig. 7 (d) shows a design for measur- 
ing the thickness of a work-piece bounded by flat, 
parallel surfaces; it may also be used for determining 
the diameter of a cylindrical work-piece. The two 
jets are connected in parallel and the total escapement 
area at the measuring head (i.e. M) is now the sum 
of the escapement areas of the individual jets. It is 
tempting to think that the disposition of the work- 
piece within the caliper is immaterial, that a move- 
ment of one face of the work-piece towards one jet 
will be compensated by the equal movement of the 
opposite face from the other jet, but this is not true. 
There is, of course, a partial compensation, but for 
very accurate measurement it is necessary to retain 
symmetrical disposition of the work-piece between 
the jets. When measuring thickness, there are two 
ways of overcoming this difficulty. Each jet can be 
made with a guard ring (see Fig. 8 (a)) so as to limit 
the excursion of the work-piece from the symmetrical 
position, or the work-piece can be laid on a flat 
table with a central hole, the two jets being then 
arranged as in Fig. 8 (b). Either method of course, 
limits the gap into which the work-piece must be 
placed, the degree of limitation depending on the 
accuracy of measurement required. Mention may be 
made of a scheme adopted at the NPL when using a 
caliper with two jets to measure to 1 micro-inch the 
variation of thickness of a very accurately made cube 
of metal. It was necessary to traverse the caliper in 
steps across the cube and after each movement to set 
it symmetrically in relation to the cube faces. By 
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Fig. 7. Types of measuring head. 


a simple modification of the pneumatic circuit, one 
of the jets could first be used alone to measure the 
position of the cube within the caliper, and then both 
jets used together to measure the thickness.(®) 

It will be clear that for measuring the separation 
of two parallel surfaces, or the internal diameter of a 


bore, two jets may be used in parallel in the form of 


an internal caliper (Fig. 8 (c)). The point made in 
the previous paragraph with regard to the symmetrical 
disposition of the work-piece and caliper will apply. 
In a gauge introduced many years ago by a well- 
known company for the measurement of bores, (4) 
adequate symmetry is achieved by inserting the 
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Fig. 8. Types of measuring head, 
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caliper within a plug whose diameter is suitably 


related to the bore to be measured. 


Whichever type of measuring head is used, it must 
be remembered that it is the total impedance to the 
flow to atmosphere of the air which has passed through 
the control orifice that determines the value of f. 
It is, therefore, important, for otherwise sensitivity 
will be reduced, that any obstruction to the air flow 
prior to the final escapement path (e.g. the cylindrical 
area in the case of the simple jet) should be relatively 
small. The piping connecting the measuring head 
to the control orifice should be sufficient diameter to 
meet this requirement and it should, of course, be 
free of leaks. Similarly, constriction within the jet 
itself must be avoided. 


4. Control Orifice 


The equations defining linear range, pneumatic 
sensitivity and overall magnification which were 
derived in the earlier part of this Paper do not 
explicitly include a term representing the influence 
of the control orifice. This was deliberate because it 
is expedient, and in practice convenient, to regard the 
escapement area of the control orifice as the variable 
to be adjusted last. The simplest form of control 
orifice is a small hole in a brass plate and experience 
indicates that this form is usually adequate. It is not 
easy, however, to make an orifice to a pre-selected 
value because of the influence of the periphery; 
indeed it is usual to find that reversing the plate alters 
the effective escapement. When the scale of the 
pressure measuring device is to be graduated 
specially, by pointing and dividing, so that the exact 
value of the sensitivity is unimportant, this difficulty 
is ofno moment. But if the scale is already prepared, 
or if several parallel circuits are to be used with a 
common pressure measuring device, so that a pre- 
arranged sensitivity must be achieved, the following 
scheme may be used. The pneumatic circuit is first 
set up with a needle-valve as control orifice and this 
valve is adjusted to give the required sensitivity. The 
plate orifice is then connected in parallel with the 
needle-valve, two stop-cocks being introduced so that 
orifice or needle-valve may be introduced at will into 
the circuit. The orifice is then enlarged, by trial and 
error, using a suitably tapered reamer, until it is 
exactly equivalent to the needle-valve. 

The diameter of the orifice will, of course, depend 
on the average escapement at the measuring head, 
but it will usually fall within the limits 0.015 to 
0.050 in. A plate diameter of } in. and a thickness of 
about 0.025 in. are convenient, and it is desirable 
that the periphery of the hole should not be ragged. 
By soldering the plate to the end of a short tube of 
equal diameter, the control orifice may be readily 
connected to the pneumatic circuit by means of 
flexible tubing. 

For experimental work in the laboratory, the 
needle-valve is a particularly convenient form of 
control orifice and is strongly recommended. It is 
readily adjusted to meet individual requirements and 
will cover the full range of escapement likely to be 
needed. It can be replaced, in the manner described 
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above, by the simpler (and cheaper) plate orifice 
when the experimental circuit is to be built into a 
permanent apparatus. 


Calibration and Performance 

The pneumatic gauge is, of course, a comparator 
and it cannot provide absolute measure without 
reference to standards. Thus, the vertical pneumatic 
comparator for measuring flat work-pieces, shown 
diagrammatically in Fig. 9, will enable the absolute 
size of the work-pieces to be determined only if 
(1) a known standard, e.g. a slip gauge of the same 
nominal size as the work-piece, is available and 
(2) the scale of the pressure gauge has been correctly 
graduated in units of length to allow the difference 
in size of the work-piece and the standard to be read. 
The second requirement is, of course, met in the 
initial calibration of the instrument by using two 
standards, the difference between which is equivalent 
to the full measuring range of the gauge. If the scale 
is uniform and the instrument is always used within 
its linear range, the calibration so obtained will be 
sufficient and will remain unchanged provided the 
overall magnification remains unaltered. Any doubts 
regarding linearity can be resolved by taking 
additional readings on standards of intermediate 
sizes during the calibration; during subsequent use, 
the constancy of the magnification can be checked 
periodically with the aid of two standards giving 
readings near the lower and upper ends of the range. 
It must be remembered that the sensitivity of the 
comparator depends on the constant pressure P at 
which it is used and it is important, therefore, to check 
that this pressure is correct. 

The comparator in Fig. 9 may equally well be 
used for measuring cylindrical work-pieces, provided 
that the standards employed are also a cylindrical 
form. This point, that the standard should be of the 
same form as the work-piece, is always an important 
one in accurate measurement; it is especially im- 
portant when using a pneumatic gauge fitted with a 
Class I measuring head. It is also necessary that the 
surface roughness of the standard should not be 
appreciably different from that of the work-piece, 
because the readings of a pneumatic gauge are 
influenced by the quality of finish of the surface on 
which the air impinges. 

The effect of surface roughness on the reading of a 
pneumatic gauge is worthy of further consideration. 
Fig. 10 shows a “ rough” surface in which, for 
convenience, the ‘“‘ texture’ is assumed to be of a 
simple, regular form. Alongside are shown two 
perfectly smooth surfaces, one coinciding with the 
plane through the crests and the other with the plane 
through the roots of the rough surface. The escape- 
ment area for the centre jet will clearly have a value 
intermediate between those of the other two jets. 
The pneumatic gauge thus gives for the difference 
between the work-piece and the smooth standard a 
result to which the roughness of the surface of the 
work-piece has contributed; and this result would 
not agree with the value which would be obtained 
if the comparison were made with a mechanical 
comparator making contact with the surface by means 
of a flat anvil of, say, 4 in. diameter. Since it is the 











Fig. 9. Vertical pneumatic comparator. 


tactual measurement which gives the value usually 
needed for practical purposes, e.g. for controlling 
the fit of mating parts, it is best to eliminate the 
difference which roughness of the surface introduces 
when using a Class I measuring head, by providing 
standards having a similar quality of finish to that 
of the work-pieces. The influence of surface rough- 
ness on the reading of an air gauge implies the 
possibility of using the pneumatic technique for 
measuring surface finish and pneumatic instruments 
for this purpose have been developed. (4:45) 

In certain applications of pneumatic gauging, e.g. 
to the measurement of the weight per unit length of 
a textile material by means of a measuring head of 
the form shown in Fig. 7 (a), it is not possible to 
calibrate the apparatus by direct reference to known 
standards of length. In such cases, indirect means of 
calibration must be employed, samples of the work 
being measured pneumatically and also by some other 
method which provides absolute values. Thus, for 
the textile material, the weight per unit length of 
several samples, selected so as to exhibit the full range 
of variation, may be determined by weighing 


Fig. 10. Effect of surface roughness. 





measured lengths, the values so obtained being then 
graphed against the corresponding pneumatic 
measurements to provide a conversion chart. (?) 


When using a complex pneumatic gauging 
apparatus over long periods of time, it may be useful 
to have available a simple means of checking the 
overall working of the apparatus. An auxiliary 
pneumatic circuit comprising two orifices in series 
will serve the purpose. The constant pressure P is 
applied to this circuit and the sizes of the orifices are 
so chosen that the intermediate pressure p corresponds 
approximately to the mid-point of the measuring 
range of the apparatus. A constant signal of known 
value is thus provided and, with suitable switching 
arrangements, this may be injected periodically into 
the pressure measuring device. If the correct reading 
is shown, the equipment is in good general order, 
though of course, it does not necessarily follow that 
the various measuring circuits are operating still at 
their initial sensitivities. Care must be taken in 
designing the switching arrangements to ensure that 
no air leakages are introduced or likely to develop 
since they would, of course, introduce serious errors. 
Experience at the Laboratory has shown that the 
well-known Schrader valve may be used as a switch 
for low pressure systems, say P not greater than 
5 lb. /in.? 


As regards performance, perhaps the most striking 
quality of pneumatic measuring instruments is their 
remarkably high degree of repeatability even when 
working at magnifications of the order of 30,000. 
The instruments are robust and, in contrast to 
electronic measuring instruments of similar sensitivity, 
quite free from drift. They are usually unaffected by 
normal changes in room temperature, pressure or 
humidity. The speed of response is amply fast for 
the types of measurement required in workshops 
and standards rooms, and for continuous gauging in 
the factory, when the essential purpose is to obtain 
information as to trends in the production. 


With a suitable measuring device and a correctly 
designed measuring head, linearity within 1% is 
assured over a range x defined by 0.6 < £ < 0.8; 
measurements over the interval x may be made, 
therefore, to an accuracy of -+-o.01 x. As mentioned 
earlier, this range may be doubled if some loss of 
linearity (and accuracy) at the extremes is acceptable. 
Further extension of the range leads to marked non- 
linearity due to a rapid fall-off in the pneumatic 
sensitivity. This attribute can, however, be turned 
to advantage in some applications. Thus when a 
pneumatic gauge is used for sizing a work-piece whilst 
it is being machined, extension of the scale well 
beyond the linear range enables the operator to 
watch the approach to size at a lower magnification. 


A question frequently asked regarding the per- 
formance of a pneumatic gauge which is measuring 
continuously the thickness, or some other dimension, 
of a moving material, is whether the speed of the 
material through the measuring head influences the 
gauge reading. No evidence of any such influence 
has been found in experimental work at NPL for 
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moderate speeds. Thus, for example, when deter- 
mining the weight per unit length of cotton sliver(?) 
with a measuring head of the type shown in Fig. 7 (a) 
the result was not affected by varying the speed 
from 1 to 100 ft./s. At the Mechanical Engineering 
Research Laboratory an investigation was carried 
out in which a circular plate of diameter 10 in. was 
mounted concentrically in the chuck of a latae and 
a jet set up to blow in a radial direction on the 
periphery of the plate. The results showed no 


significant change in reading when the plate was 
rotated at speeds up to 2000 rev/min.(1%) 


Applications 

Pneumatic gauging found its first main application 
in the measurement of bores, particularly in the auto- 
mobile industry, and it is probably true that this use 
of the technique is still predominant. In the last 
decade or so, however, manufacturers of air-gauges 
have applied the technique successfully to an ever 
increasing number of problems of linear measure- 
ment, with the result that industry in this country is 
now making much more use of pneumatic gauging. 
Even so, this method of measurement has not yet 
become so extensively adopted here as it has in 
America. 

The catalogues of the manufacturers concerned 
show the wide range of air-gauges now made. But the 
individual problem, calling for the design of a special 
gauging fixture, probably still makes the greatest 
demand on the manufacturing capacity available, and 
one of the chief difficulties lies in so rationalising the 
production as to provide for the maximum number of 
applications with the minimum number of standard 
units. It is not proposed to enumerate here the 
various types of air-gauges now commercially 
available, but perhaps special mention might be made 
of the so-called multi-gauging units which allow a 
number of dimensions to be checked simultaneously. 
The pneumatic technique, by virtue of its flexibility, 
lends itself readily to the design of such measuring 
instruments, and the wide range of sensitivity readily 
available permits a common tolerance zone to be used 
in the display unit, though the various dimensions 
being checked may have widely different tolerances. 

Some reference has already been made to work on 
pneumatic gauging undertaken at the National 
Physical Laboratory. Most of the instruments 
developed have been described in published Papers, 
references to which will be found at the end of this 
Paper.’® 1° 11) Recently, apparatus has been con- 
structed for recording continuously the thickness of 
material (e.g. cellulose acetate, polyethylene) in thin 
sheet form during production.(!?) The measurements 
may be made at as many stations across the sheet as is 
desired, a simple selector switch enabling transfer 
from one station to the next to be made easily and 
quickly. The thickness is measured absolutely with an 
accuracy within +-0.000 02 in., the overall magnifica- 
tion, measured at the recorder, being approximately 
7000. Alternatively, instead of recording, the thick- 
nesses at the various stations may be displayed 
continuously on water manometers, any variation in 
thickness from station to station being then rendered 

(Concluded on page 140) 
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: making my opening remarks, I should like to say 
that I regard marginal costing as an extremely 
practical subject. It is not just something the theorists 
play with and throw on one side. If it were, I should 
not be interested in it. I hope to give you some 
of its uses in which you, as production engineers, will 
be most interested. But before doing so, I must deal 
with the theory. 

I should like first of all to define the subject. 
Marginal cost may be defined as the amount, at any 
given volume of production or output, by which 
aggregate costs are changed if the volume of produc- 
tion or output is increased by one unit. In more 
simple terms, if, starting from the position we are. in 
now, we produce one more of a certain product, the 
added expenditure entailed is the marginal cost of 
that product. 

I do insist that we start from the position we are 
in now. I find that many accountants and cost 
accountants want to start from somewhere else. I re- 
fuse to start from any position other than the one we 
are in at the present time. 

The main feature of a marginal costing system is 
the separation of the variable costs from the fixed 
costs of a business, and the control of each type by 
varying methods, so as to give maximum efficiency 
and to reveal the effect upon profit of changes in 
output. 

Here I would say that I do not intend to ignore 
fixed expenses. There was a lot of correspondence 


some years ago in one of the accounting journals on 
whether fixed overheads should be ignored in costing. 
The last thing that the real ‘ marginal coster’ does is 
to ignore them. 

I want to jump now, in the sequence of the Paper, 
to Appendix A. You will find at the top Schedule C, 
showing Product “A”, Product “B” and Total. I want 
you to imagine the Product “A” column as showing 
the present accounts of a small retail shop. Mrs. 
Smith sells chocolates and during the year her sales 
are £3,000. The costs of the chocolates from the 
supplier are £2,000. The fixed charges on her retail 
shop are £750. She shows a net profit of £250. I 
want you to accept that this is a fact at the moment. 

Along comes an enthusiastic salesman for cakes. 
He says to Mrs. Smith; “If you sell cakes in your 
shop, you won’t compete with your chocolates. You 
won’t increase your fixed overheads, and there is a 
chance in a shop such as this that you will sell £1,000 
worth of cakes.” She says, “ Yes, what do these cakes 
cost me?” The salesman replies, “ £800.” If that 
salesman’s promises can be accepted, the marginal 
coster would draw up a budget—the emphasis is on 
the word ‘budget ’—for Mrs. Smith as shown in 
Schedule C. He would show the position as it is 
now in the Product “A” column. He would show the 
additional costs due to the introduction of cakes in 
the Product “B” column. The net result, bearing in 
mind that Mrs. Smith in the retail shop is not likely 
to increase her fixed overheads and the cakes will 
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not compete with the chocolates, will be shown in the 
Total column. If the salesman’s promises are main- 
tained, then Mrs. Sinith’s net profit will jump from 
£250 to £450. 


* But,” says the orthodox cost accountant—and | 


use the term ‘orthodox’ in no slighting manner 


| want to differentiate between the orthodox and 
the marginal cost accountant—*‘ you ought not to do 
it like that. You ought to spread your fixed charges 
in proportion to sales.” The orthodox cost accountant 
would do it as is shown in Schedule D. The totals 
of Schedules D and C are exactly the same. The 
sales and the cost of the goods sold are exactly the 
same. But in Schedule D the fixed charges are divided 
in proportion to sales—£562 under Product “A”, 
chocolates. and £188 under Product “B”, cakes. The 
orthodox cost accountant would show a profit of £438 
on chocolates and £12 on cakes. 


Suppose Mrs. Smith, selling cakes, could only sell 
£500 worth which she buys at £400, The orthodox 
split of overheads would be as shown in Schedule E 

-pro rata sales £643 for Product “A” and £107 for 
Product “B’. Whilst the total column is accepted 
by both orthodox and marginal coster, the split by 
the orthodox cost accountant is as shown in Schedule 
E, which gives a profit of £357 to Product “A”’, 
chocolates, and a loss of £7 to Product “B”, cakes. 


If the orthodox cost accountant had stepped in at 
that stage and had said to Mrs. Smith, “ You will 
make a loss of £7 on your cakes,” it is highly prob- 
able that Mrs. Smith would not have started to sell 
cakes. And if she had not started to sell cakes, the 
result of her year’s trading would have been as 
shown in the Product “A” column of Schedule C, a 
profit of £250 instead of, as shown in the total 
column of Schedule E, a profit of £350. In other 
words, by taking on a job which, according to ortho- 
dox costing, showed a loss of £7, Mrs. Smith adds 
£100 to net profit. 


Let us go a stage further. Let us suppose that at 
the moment-—-now—Mrs. Smith is doing exactly as 
is shown in the total column of Schedule E. She is 
selling goods worth £3,500 which cost £2,400. Her 
fixed charges are £750, and she has a profit of £350. 
Let us suppose that along comes the orthodox cost 
accountant and tells her she is making a profit of 
£350 on chocolates and a loss of £7 on cakes. It is 
highly probable that she will say that if she is making 
a loss on her cakes, she will stop selling them. If she 
= selling them, her profit will drop from £350 to 
£250. 


If there are any orthodox cost accountants here, 
that is exactly what they are doing to their manage- 
ment day by day. They are presenting hundreds of 
costs, some of which show profits and some of which 
show losses. There may be a loss of £7, such as is 
shown in Schedule E under Product “B”. If man- 
agement looks at the list and says, “ We are losing 
£7 on this. We will cut it out”, in the circumstances 
as shown their advice or implied advice, unless they 
give a lot of explanations to management, may result 
in, action which will reduce profit by £100. 
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A Common Weakness 


I think that is unportant. The weakness of the 
commonly accepted or orthodox technique of costing 
is that information is not presented in the best pos- 
sible way unless detailed explanations are given when 
it is necessary to make comparisons between one line 
of action and an alternative. I suggest that manage- 
ment is always concerned with a decision regarding 
certain lines of action. If we bring it down to its 
simplest expression, management always has to decide 
either to do something or not to do it. It is as simple 
as that. Management may decide to do “A” or “B” 
but there is always the alternative in the middle in 
each case — to do nothing. If you wish to bring your 
thinking down to elementary first principles, every 
decision is to do something or to do nothing. 


I suggest, as a marginal coster, that the inclusion 
of fixed charges in the overheads makes it difficult 
firstly to compare the effect of different courses of 
action; secondly, to measure the true efficiency of 
sections or departments: and thirdly, to fix selling 
prices so as to give the best results for the business 
as a whole. 


The Initial Decision 


My argument is that when a business is Commenced, 
its management decides that there is a demand for a 
certain commodity which is not satisfied and con- 
siders that, if a factory is established to produce that 
commodity, it can produce adequate quantities of 
the approved quality at the right price, can pay wages 
which will at least maintain the standard of living 
of the type of worker required, and will leave a profit 
for enterprise. Having made this decision, manage- 
ment proceeds to build or rent a factory, to install 
plant and machinery, to make jigs and tools, to 
appoint a secretary and other staff, to equip the 
offices, and to advertise the products. All these things 
are done as a matter of policy, and the so-called 
“fixed costs” which appear in the first year’s accounts 
could well be designated “ policy costs.” This term 
could be used for all those items which should be 
excluded from marginal costs. 


The capital expenditure, and the costs automatic- 
ally acquired by the business because of this expendi- 
ture (such as depreciation), together with such charges 
as have been mentioned, were incurred as a deliberate 
policy, to make profits over a long period, and any 
system of cost accountancy should reflect this. On 
the other hand, “ variable” or “ out-of-pocket costs ” 
are incurred, as production is carried out, and should 
vary practically in proportion to production. 


As a matter of business policy, therefore, manage- 
ment has two jobs: 


(a) Over a long period to make sales minus total 
costs (i.e. net profit) as high as possible. 


(b) Over a short period to make sales minus 
marginal costs (which may be termed “contribution”) 
as high as possible, 








mao & 262 oS lS ee 














Long-period policy has been considered before the 
business was commenced, and unless management 
was convinced that, over a long period, net profit 
would result, it is reasonable to assume that the busi- 
ness would not have been started. The business 
having been started, the short-term policy must be 
considered, and management should attempt to make 
the contribution as high as possible without, of course, 
forgetting long-term policy. 


As an aside, I have often—I repeat often—come 
across Managements who have first-class ideas for 
long-term policy but completely overlooked how they 
were going to pay the wages at the end of next 
month. It is not a bit of good having long-term 
policy perfectly tied up if you do not get over the 
intervening period. 


Where cost accountants are required to advise 
management upon the initiation of business ventures, 
they must consider both long- and short-period policy, 
but maximum consideration will of course be given to 
the long period : in the businesses with which we are 
connected the decision to produce has already been 
made, and therefore maximum consideration is given 
to short-period policy. In both sets of circumstances 
the separation of out-of-pocket costs from policy costs 
is of paramount importance. 


Under marginal costing systems we accept the 
position “as is”; that is, we recognise the fact that 
the business is in a certain position at the present 
time, and we show clearly what will be the effect of 
any action taken. This is not shown by any other 
system of costing, unless detailed and lengthy explana- 
tions support the costs. 


Practical Applications 


The practical application of a system of marginal 
costing is no more difficult than is the work of any 
other system of costing, and it can be used with job, 
process or operating costs. The method of dealing 
with materials and labour is not affected. Overheads 
alone are the problem, and even here there is little 
variation—merely an expansion of norma] technique. 
The normal costing methods call for : 


(a) classification of all overheads under appropriate 


heads; 


(b) collection of overheads actually incurred period 
by period; 

(c) apportionment of overheads to production, sell- 
ing, distribution, and administration ; 


(d) subsequent apportionment to departments, ser- 
vices, and producing units in the proportions in 
which it has been incurred; 


allocation to the products passing through the 
production departments on the appropriate 
bases, e.g., as a percentage on labour, labour 
hour rate, or machine hour rate. 


— 
o 
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With marginal costing, changes start immediately. 
The classification in use may be sufficiently detailed, 
but if not it must be extended to separate the fixed 
costs from the variable costs, It is here that the bulk 





of trouble and disagreement will arise. If we think of 
policy costs and out-of-pocket costs and squarely face 
the position of our business as it is at the moment, we 
shall ultimately get this division. If management 
policy should be changed in the future we must face 
up to the position as it is. In other words, our costs 
must always represent the facts as they are. For ex- 
ample, if management decides to scrap a battery of 
machines and do a job by hand (or vice versa), our 


. costs must show this change and must separate policy 


costs from out-of-pocket costs. 

What are fixed (or policy) costs will obviously vary 
to some extent from business to business, according 
to the policy adopted by management; but speaking 
generally the following are policy costs: directors’ 
fees, auditors’ fees, legal and professional charges, 
salaries, rent, rates, fire insurances, depreciation of all 
types (true depreciation), practically all office and 
administration charges, office equipment, travelling 
and hotel expenses, advertising of all descriptions. 

Out-of-pocket expenses include : most—or perhaps 
I ought to say much—indirect labour, consumable 
stores and tools, national insurance, employer’s 
liability insurance, most power services, freight and 
carriage, packing materials, discounts and allowances, 
agents’ commissions. 

The collection of overheads actually incurred, 
period by period, will not differ under any system, 
but in the subsequent apportionments and allocations 
to products, the out-of-pocket or marginal overheads 
only are considered, in the first case. 

The bases of apportionments and allocations are 
the same as under a normal system of costing, but, 
since fixed or policy overheads are excluded, the 
apportionment to departments, services, producing 
units or cost centres is likely to be more simple, and 
the allocation to products passing through the pro- 
duction departments, on the appropriate bases, will 
be more simple and more accurate, Under the usual 
methods of costing, normal annual overheads are 
spread over normal annual production, and period- 
ically (usually each year but often at more frequent 
intervals) the cost accountant is required to compute 
rates of overhead recovery based on these “ normal ” 
figures. Now there is no such thing as a static normal ; 
conditions are constantly changing; and the opinions 
of general manager, works manager, departmental 
foreman, and cost accountant, or even of two cost 
accountants in the same business, are likely to differ 
widely in their assessment of normal. The result of 
this is that when we have applied our so-cailed nor- 
mal overheads over normal production, and have 
obtained a normal rate of overhead recovery, which 
has been applied to subsequent production, we always 
end our costing year with an over-recovery or under- 
recovery of overheads in all departments. This must 
be so, since any change in anticipated overheads or 
production will cause an error. 

With marginal costing these errors are far less 
likely to arise, since we intend to recover over our 
production only those items which are incurred in the 
use of the production facilities and therefore vary 
more or less in proportion to production. Anyone 
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who, even with ordinary methods of overhead re- 
covery, has investigated the reasons for variations in 
the recovery of overheads, cannot fail to have 
observed that marginal or out-of-pocket overheads 
really do keep step with production; they will agree 
that the computation of marginal overhead rates will 
be more simple and more accurate than the computa- 
tion of total normal overheads including all the 
chargeable fixed or policy costs. 

In the same way as marginal production overheads 
are considered, marginal costs of selling and distribu- 
tion must be considered. In these sections one cannot 
fail to recognise the ease of allocation or the accuracy 
of the results, once fixed overheads are eliminated 
from the computation. Having carried out this pro- 
cedure, it is a simple matter to compile the marginal 
cost of any product with far more accuracy than the 
total cost can be compiled. 


Budgetary Control 


It is not suggested that fixed costs should be 
ignored; the cost accountant must certainly deal with 
these costs from the angle of control. Further, until 
both management and cost accountant have grasped 
all the significant features of the technique, it is prob- 
able that they will wish to see how the normal ortho- 
dox cost compares with marginal cost, for price-fixing 
purposes. From the control point of view, a system 
of budgetary control is required, the budget being of 
a flexible type to take into account changes in the 
volume of production. This flexible budget is not 
inconsistent with the idea of fixed overheads if they 
are regarded as policy costs: thus, up to a certain 
volume of production a business can manage with its 
present equipment; at that stage it must—as a matter 
of policy-— purchase more plant and machinery, 
which will increase its policy costs. Period by period 
the actual fixed overheads must be compared with 
the budget—and because the budget has been com- 
piled as a matter of policy, management is easily able 
to compare the actual policy, as it is being carried out, 
with the boardroom or “ paper” policy. Control of 
the business as a whole is therefore exercised through 
standards for marginal costs, and by means of budge- 
tary control for fixed or policy overheads; and the 
efficiency of all departments can be most readily seen 
and illustrated without extraneous matter by these 
methods. 

It is very simple to compile a normal cost from a 
marginal costing system. 

You merely take the fixed overheads, so far omitted 
from the cost computations, and spread them over 
production, selling and distribution departments on 
the recognised bases, afterwards distributing these 
departmentalised charges to production and sales by 
means of the usual methods—man- or machine-hour 
rates for production overheads, or percentages on sell- 
ing price for selling costs. 

I put that in because I feel that in the initial stages, 
for the sake both of the cost accountant and of man- 
agement, it is a wise thing to do. The change to 
marginal costing is so revolutionary that they might 
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want to see both sides of the subject, and that is the 
way to do it. It is a very simple way, too. 

Now I come to Appendix B. Here a job can be 
done on a power press at a labour cost of 4d. per 
gross, or on a hand press at 6d. per gross. Normal 
rates of overhead recovery amount to 150 per cent. 
on power press labour and 50 per cent. on hand press 
labour. Ample material, presses and jigs are available. 
Materials cost 4d. per gross. Shall the job be done 
on hand press or power press? In case you think 
the figures are out-of-date, I would say that this was 
done about twenty years ago. It was actually taken 
from facts and rounded off. You will see that on the 
hand press the production is three gross per hour, 
while on the power press it is six gross per hour. The 
material cost is 4d. per gross, and the piece-work 
price is 6d. per gross on the hand press and 4d. per 
gross on the power press. Thus, the hand press opera- 
tor can earn 1/6d. per hour and the power press 
operator can earn 2/- per hour, You see how out-of- 
date these figures are! Full overheads are 3d. per 
gross on the hand press and 6d. per gross on the 
power press. If you care to ignore the 150 per cent. 
and the 50 per cent., you can; because the fact that in 
that particular business they did recover overheads 
as a percentage of labour, instead of a rate per 
labour hour or per machine hour, does not alter 
the case at all. Total cost is 1/1d. per gross hand 
press, 1/2d. per gross power press, as shown by 
orthodox costing. 

Let us assume the selling price was 1/3d. We have 
an apparent net profit of 2d. per gross on the hand 
press and Id. on the power press, as shown by ortho- 
dox costing. Thus, orthodox costing would imply to 
management that the hand press was twice as profit- 
able as the power press. 

But the marginal coster says, “ You must only 
consider marginal overheads. Your fixed overheads 
are there, whether you like that or not.” You have 
your hand press and your power press. Plenty of 
facilities are available. Consider the following figures : 

Hand press Power press 

Marginal overheads 2d. per gross 4d. per gross 

Marginal cost 1/- per gross 1/- per gross 

i.e. 4d. material ) 
6d. labour / hand press 
2d. overheads 
4d. material ) 
4d. labour 
4d. overheads ! 


The price is still 1/3d., so there is a contribution of 
3d. per gross in each case. 

The marginal coster with the ‘L’ on his back says 
it does not matter whether you do it in one way or 
the other; but it does matter. On the hand press, you 
get a contribution of 3d. per gross three times every 
hour. That is a contribution of 9d. per labour hour. 
On the power press you get a contribution of 3d. six 
times an hour, or 1/6d. per labour hour. 

The marginal coster shows management that it is 
twice as profitable to do the job on the power press 
as on the hand press, whereas the orthodox cost 
accountant would tell the other tale. 


power press 
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In my opinion—and I ought to preface everything 
I say in this lecture by the words ‘in my opinion ’— 
the lesson which is learnt from that illustration is one 
of the most important lessons of marginal costing. As 
production engineers, you will realise how important 
it is. 

| have used two simple machines, in fact so simple 
you can hardly call them machines. But in your 
businesses you have machines which cost far more 
than these to run. You have them in your works 
now. They may or may not run to capacity. It is 
absolutely essential that you should know which 
machine is likely to give the greatest contribution 
to your business if a particular job is put on it. I 
suggest that the manner in which contribution per 
“key factor” of production is presented to manage- 
ment by marginal costing methods is certainly one of 
the most important reasons for its use. 

The “key factor” in this particular case—and I 
said ample facilities, materials and so on were avail- 
able—was labour. Labour today is very often the key 
factor. It may be labour, or it may be a certain class, 
type or grade of labour. It may be materials, or a 
particular material. It may be an item of plant, or 
overhead facilities. The marginal costing technique 
alone shows clearly how the maximum net profit is 
achieved by obtaining the maximum contribution per 
unit of cost which is in short supply, i.e., per key 
factor of production. 


In a Paper I presented recently, I made this specific 
recommendation which will, I think, be of interest to 
you: 


“It is therefore to be recommended _ that 
machine-hour rates computed on a marginal cost 
basis should be in the possession of the production 
planning staff in order that jobs be put on the best 
available machine with the lowest marginal cost, 
and consequently the best contribution per key 
factor of production.”* 


To Make or To Buy? 


We now come to a very simple application of 
marginal costing—to make or to buy? When con- 
sidering whether a product should be made in the 
factory or bought from an outside supplier, it is of 
little value to compare only the full orthodox cost 
of the product with the outside supplier’s price. How- 
ever, if the ‘out-of-pocket’ costs to the business be 
considered, the comparison is valuable. 

If facilities for production are available within the 
factory and the marginal cost of production is less 
than the supplier’s price, then it is more economic to 
make than to buy. If the outside supplier’s price 
should be less than the marginal cost of production, 
then it is better to buy than to make. 

In the consideration of the problem here the full 
orthodox cost is of value. Since the outside supplier 





* Marginal Costing: A New Tool for Management. The 
Accountant, June 25th, 1955, page 716. 





will most. probably have quoted a price which in- 
cludes his full overheads and a profit, it is logical to 
suggest that the full cost of producing the article with- 
in the factory should be less than the supplier’s price. 
If this is not so, assuming the product to be within 
the normal range of factory production, there is an 
indication of production inefficiency within the fac- 
tory. In such a case, it would be wise to investigate 
the methods and cost of production within the 


factory. 


Here is a case where both marginal cost and total 
cost are of value. It is contended, however, that the 
ascertainment of marginal cost and the indication of 
‘contribution ’ are of the greater importance, 


Control of Cost 


I should like to come now to control of cost. Here 
again you will be interested in your jobs as produc- 
tion engineers. 

It is logical to suggest that management, at any 
level, is interested in and should be held responsible 
for those expenses which they can influence by their 
own action, or which are influenced by the actions of 
the staff under their immediate control. ‘ Functional’ 
budgets recognise this. 

Under a system of marginal costs, there is presented 
to the shop foreman a summary of the figures which 
he can influence by his action—the marginal costs of 
his department. Where standard marginal costs are 
in use, the actuals are compared with the standards, 
and the reasons for variances are shown. These 
figures can be presented in a simple way and are not 
complicated by the inclusion of fixed costs or obscured 
by the over-recovery or under-recovery of fixed over- 
heads. 

To the works manager is given a statement of his 
marginal costs of production compared with his 
standard marginal costs, and a schedule of his fixed 
charges, compared with the budget for these charges 
which he assisted to draw up as a matter of policy. 

I suggest that to each officia! facts are presented 
which he can control, facts on which he has had a lot 
to say in the original fixing of the standards. They 
are presented in two different ways. Standards are 
compared with actuals for marginal costs and the 
budget is compared with the original budget for fixed 
costs. That is the simplest way of presenting the 
facts. 

The sales manager receives similar information 
relating to selling activities, according to territories 
and types of product. He is able to see the contribu- 
tion made by each area and product. Then he can 
compare his actual fixed costs with his budget costs. 

General management, too, is given the results in 
two sections and is able to compare marginal costs 
with standards in total and in detail, and the reasons 
for variations are stated simply and clearly. Further, 
the fixed costs of the business are compared with the 
budget and it is very easy for the cost accountant to 
indicate why these results were obtained. It is 
correspondingly easy for management to take any 
desirable and possible action to bring about the 
necessary changes. 
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In each case, care should be taken to see that the 
man who will be responsible for working to the 
standards and budgets assists in their compilation and 
ultimately agrees that they are fair and reasonable 
and are capable of achievement in practice. If this 
is done the right spirit is created and since only those 
figures for which he is directly responsible are sub- 
mitted to him, much useless argument is avoided. 

The point has been made by the orthodox cost 
accountant that there is no such thing as ‘ fixeds’ 
and ‘ variables’. A cost accountant said to me once, 
“T can change things like that”, and he snapped 
his fingers very decisively. But 1 suggest that that 
man was confusing diagnosis with prescription, He 
recognised something as fixed and had then proceeded 
to take action to make it variable. In management 
decisions we have to recognise that. We have to 
distinguish clearly between diagnosis and prescription. 

I have included here a paragraph on increase in 
fixed overheads because they are not fixed for all 
time. They are fixed at the moment. 

In considering the problems up to this stage. 
it has always been recognised that facilities 
have been available for the course of action suggested 
and, consequently, the marginal cost of a product or 
process has been of prime importance. 

However, in the routine operation of the technique 
of marginal costing, a careful segregation of variable 
and fixed overheads will have been made. If the 
system has been in operation for a number of years, 
great accuracy in the division will most probably 
have been achieved. If standard marginal costs are 
set up and a practical system of budgetary control for 
the fixed overheads has been established, management 
is able to see clearly the effect of any course of action. 


Additional Fixed Costs 


When it is considered necessary to incur additional 
fixed overheads of any description, the fixed over- 
head budget should be recast in the light of the 
changes envisaged for a period of three or possibly 
five years. This will show clearly the additional 
fixed costs which are likely to be incurred by the 
course of action envisaged. 

These additional fixed costs are incurred to do more 
(or better) work. From the standard marginal costs 
of the additional product or products, after considera- 
tion has been given to improvement in the standards 
because of the increased or improved facilities, the 
additional contribution is shown for each year. If 
the contribution minus additional fixed costs gives a 
reasonable return on the capital employed, the ex- 
pansion is worthwhile. 

This line of thought must necessarily be followed, 
whatever system of management information is being 
used. The important point is, however, that with a 
system of marginal costing the maximum amount of 
information is available for management at all times. 

I should like to finish by giving you what I feel to 
be the most important uses of marginal costing and, 
in part, T am repeating. 
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Within a business marginal costing has several 
definite contributions to make towards the solution of 


present-day problems ; firstly, in presenting informa- 
tion to management at all levels. To the shop foreman 
there are given figures which he can influence by his 
action, the marginal or out-of-pocket costs. These 
can be presented in a simple way and are not compli- 
cated by the inclusion of fixed or policy costs, or 
obscured by the over-recovery or under-recovery of 
fixed costs, 

Secondly, marginal costing enables inanagement to 
formulate quick yet accurate decisions on matters of 
policy ; whether to make or to buy; whether to 
manufacture by this method or by that method ; 
whether to produce this product or that product. 
And remember that the technique can be used for 
products as well as ‘machines. 


Thirdly, it enables management to make decisions 
on both long-term and short-term policy, since they 
are well informed of the position “as is”, and are 
clearly guided by the costs and budgets regarding the 
effect of any action taken. 

Fourthly, it enables management to achieve the 
maximum net profit during a period, by concentrating 
upon obtaining the maximuim contribution per unit 
of the element of cost in short supply. In. this 
connection, by focusing attention on the key factor 
of production, it ensures the most economic working 
of the business taking into account all factors. 

Fifthly, in industries in which by-products arise, 
by its use the cost accountant is able to illustrate 
clearly the most economic method of dealing with a 
by-product. 

Sixthly, if market research methods are sufficiently 
reliable so that it is possible to estimate fairly 
accurately the volume of sales at varying price levels, 
it can be used for price fixing purposes to give the 
maximum contribution. 

Lastly, in times of trade depression and | 
deliberately put this last — it can be used to indicate 
to management the lowest price at which a sale can 
be made to recover out-of-pocket costs only. This 
aspect of the subject has been stressed so much that 
sone cost accountants have regarded it as being the 
main, if not the only, object of marginal costing. 
The cost accountant who has operated such a system 
over the past 10 years will certainly state that the 
first four contributions mentioned are much more 
important and will probably express the view that the 
fourth has been most profitable. 


In my own experience, | have used marginal costing 
for what I term ‘ picking the plums’ and ignoring the 
sour grapes. That is why I stress the fourth point. 
I want to repeat that. The use of marginal costing 
“enables management to achieve the maximum net 
profit. during a period, by concentrating upon 
obtaining the maximum contribution per unit of the 
element of cost in short supply. In this connection, by 
focusing attention on the key factor of production, it 
ensures the most economic working of the business 
taking into account all factors.” 











































































































SCHEDULE C. 
PRODUCT “A” PRODUCT ‘‘B” TOTAL 
% é % £ % 
Sales 3000 100 1000 100 4000 100 
Cost of goods sold 2000 66.7 800 80 2800 70 
Contribution 1000 33.3 . 200 20 1200 30 
Fixed Charges 750 25 — — 750 18.8 
Net Profit 250 8.3 200 20 450 UP? - 
SCHEDULE D. 
PRODUCT ‘‘A”’ PRODUCT “B”’ TOTAL 
% £ % é % 
Sales 3000 100 1000 100 4000 100 
Cost of Goods sold 2000 66.7 800 80 2800 70 
Contribution 1000 33.3 200 20 1200 30 
Fixed Charges 562 18.7 188 18.8 750 18.8 
Net Profits 438 14.6 12 12 450 H.2 
SCHEDULE E. 
PRODUCT “A” PRODUCT “B” TOTAL 
% £ % é % 
Sales 3000 100 500 100 3500 100 
Cost of goods sold 2000 66.7 400 80 2400 68.6 
Contribution 1000 33.3 100 20 1100 31.4 
Fixed Charges 643 21.4 107 21.4 750 21.4 
Net Profit 357 Lio Loss 7 Loss 1.4 350 10.0 
“MARGINAL COST” 
Comparison of same job done 
(a) on hand press 
(b) on power press 
Hand Press Power Press 
3 gross Production per hour 6 gross 
4d. per gross Material Cost 4d. per gross 
éd. és - Piece Work Price 4d. a as 
3d. s ‘ (50%) Full Overheads (150%) 6d. ee a 
1/1 me - Total Cost 1/2 a es 
1/3 me * Selling Price 1/3 re ss 
2d. ; Apparent Net Profit Id. = - 
2d. - ; (334%) Marginal Overheads (100%) 4d. “3 Fe 
1/- . , Marginal Cost I/- es a 
1/ s Me Selling Price 1/3 a : 
3d. a5 “Contribution” 3d. , 





“Contribution per hour’ 
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METAL CLEANING AND FINISHING 


BY THE 


AIRLESS ABRASIVE BLASTING PROCESS* 


by F. W. PEDROTTY, 


Manager of Application Engineering, 


American Wheelabrator & Equipment Corporation. 


— 75 years ago, General Tilghman, of 
Philadelphia, was awarded patents on the use of 
compressed air to force sand through the orifice of a 
nozzle. In subsequent years, many improvements 
were made in this process, and the “ sand-blast ” 
method, as it was most commonly referred to, became 
a valuable production tool — much faster and more 
efficient than prior methods of using wire brushes and 
plain tumblers, especially in high production 
quantities. 

In airless blasting, the abrasive is hurled centri- 
fugally upon the work by means of one or more 
rotating bladed wheels which are strategically 
mounted to get the best abrasive coverage of the 
surfaces to be cleaned (see Fig. 1). The relatively 
high efficiency obtained is due primarily to the greatly 
decreased power requirements as the result of 
eliminating compressed air. As an example of this 
saving, a standard 193” diameter X 24” wide airless 
blast wheel, powered by a 15 h.p. motor, is capable of 
throwing upward of 300 lb. of abrasive per minute. 
To throw the same amount of abrasive at the same 
velocity, it would require five 3” nozzles and a 190 h.p. 
compressor to supply the air and maintain the 
pressure. 


Industrial Applications 

The following are some of the principal current 
applications of the airless abrasive blasting process for 
metal cleaning and finishing :- 


1. Cleaning Castings. Removing loose and burnt-in 
sand and scale from ferrous and non-ferrous castings 
of all sizes and shapes, including the most complicated 
castings having difficult cores and deep pockets and 
recesses such as cylinder blocks. 


2. Removing Scale from Forgings. Airless blasting 
offers important advantages over pickling in the 
cleaning of forgings. By eliminating the use of acid 
and relying entirely upon mechanical action to remove 
scale and other surface impurities, many of the 
defects inherent with pickling are overcome. No 
pitting, blistering or embrittlement occurs, and the 
resulting surface has a uniform matt finish that pro- 
vides a good base for subsequent polishing, plating or 
painting operations, and an even surface for cold 
rolling or further machining. 


3. Removing Heat-Treat Scale. By the proper 
selection of abrasives, it is possible to remove heat- 
treat scale even in cases where close tolerances must 
be attained, for example, in the cleaning of scale 
from carbon and high-speed drills, taps, cutters and 
reamers. At one prominent manufacturing plant, 
this process has eliminated tumbling of parts for 
removing scale, with such advantages resulting as: 
higher production; greatly improved _ surface 
appearance; and _ subsequent’ grinding time 
reduced due to the thoroughness with which ll 
surface scale was removed. 


4. Cleaning Weldments. Welding spatter and flux 
on fabricated welded assemblies are unsightly and 
naturally detract from the appearance of the finished 
product. Its removal by the common methods of 
wire brushing, grinding or chiseling is costly and 
laborious. These facts have led to the widespread 
adoption of airless blasting by the weldment industry. 

The uniform blast coverage and economical high 
speed cleaning of the process cause welded areas to 
be spotlessly cleaned with a very short blast exposure. 
Even complicated weldments are completely cleaned 





* Presented at the 22nd Annual Meeting of the American Society of Tool Engineers, and reproduced by kind permission 


of the Society. 
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in a few minutes’ time. At one company, an airless 
blast machine and two operators handle the same 
production in one-half the time formerly required 
with eight chippers, grinders and wire brush men. 


5. Preparing Surfaces for Final Finishing. The 
etched surface produced by the scouring action of 
thousands of tiny abrasive particles provides a perfect 
anchor for bonding the final finish. The thorough 
cleaning the surface receives assures the removal of 
every trace of rust, old paint, scale, dirt, and other 
foreign materials which might accelerate corrosion 
and promote blistering of the finish. The result is a 
tight bond between the coating and the parent metal 
surface. Airless blasting is widely used to obtain the 
surface required for proper rubberising, galvanising, 
painting, plating, bonding glass to metal, metallising, 
etc. 


6. Cleaning and Finishing of Die Castings. Airless 
blasting has three major applications in the die casting 
field. Its use may be justified in any one of these 
categories and in many cases the process may show 
benefits in all three categories on the same type of 
part. These three applications are: (1) preparation 
of the surface for better adhesion of subsequent 
coatings ; (2) removal of small, thin flash and burrs ; 
and (3) elimination of the symptoms of porosity. 


7. Cleaning Required in Reconditioning Operations. 
The field of reconditioning has grown into a major 
indusiry with parts such as auto parts, steel drums, 
compressed gas cylinders, floor maintenance machines, 
water and gas meters, valves and fittings, etc., being 
rebuilt or reconditioned and placed into service again. 
In each case thorough removal of all foreign materials 
such as old paint, rust, dirt, scale, etc., is the first 
requirement of proper reconditioning. The high-speed 
airless abrasive blast scours away every trace of 
foreign matter in only a few minutes, cleaning the 
used parts so thoroughly they look like new. 

In addition to the above listed applications, this 
method is used for such diversified operations as 
removing flash and fins from plastic mouldings, de- 
burring, providing an etch on steel mill reduction rolls, 
descaling of steel sheet and strip, shot peening to 
increase the strength of stressed parts, roughening the 
surface of leather basketball carcasses, etc. 


Types and Sizes of Ferrous Abrasives 


One of the important factors in solving a specific 
cleaning or finishing problem is the selection of the 
right abrasive for the job. 

Prior to the introduction of airless blast cleaning, 
the most common abrasive in general use was silica 
sand. Although it is still being used today in com- 
paratively limited quantities, its use was rapidly 
reduced with the introduction of metallic abrasives. 
The main reasons for the unpopularity of sand in the 
abrasive blasting field are :- 

1, rapid breakdown rate: after three to five passes 

through the blast cycle it is converted to dust; 





Fig. 1. Phantom view of Wheelabrator airless type 
projector. 


2. the silica present creates a health hazard to the 
operating personnel; 


3. the wear on vital parts of the equipment is 
extremely high, as compared to metallic 
abrasives, creating costly maintenance problems. 


The first metallic abrasive put into general use 
was cast chilled iron. The usable life of this 
abrasive is approximately five times that of sand, and 
it reduces the maintenance of the equipment about 
50%. The second metallic abrasive to become popular 
in blast cleaning applications was heat-treated chilled 
iron or malleable abrasive. The life of this abrasive 
is approximately two-and-a-half times that of regular 
chilled iron and further enhances the life of wearable 
parts, thus reducing maintenance costs. The most 
recent developments in metallic abrasives are cast 
steel and cut wire shot. Both of these abrasives will 
outlast regular cast iron shot at least five to one, and 
cut maintenance costs on the equipment up to 200%. 

According to available records, the most common 
pure steel shot now in use is the cast steel shot, which 
is an electric furnace product fully heat-treated and 
drawn. Because of its extreme toughness, cast steel 
abrasive is only available in short form. Up to this 
time, no practical device has been developed capable 
of crushing or breaking it into the form of angular 
grit. 

Cut wire abrasive is manufactured by cutting 
various types and sizes of steel wire into lengths equal 
to their diameter, forming pellets. Because of the 
sharp edges on these pellets when first charged into 
the machine as compared to cast steel shot, a longer 
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“ breaking-in ” period is required before it is stabilised 
into operating round shot. 

There are two forms of cast metallic abrasive in 
general use. One is called “shot”; the other is 
“grit”. All cast abrasive is first made in the shot 
form and is fairly uniformly round. Grit is 
angular in form and is manufactured — by 
crushing the round shot. Currently, grit is 
available only in the cast iron and malleable type 
abrasive, but not in some of the finer sizes in the 
latter type. 

The comparison of life and cost between the three 
main abrasives, steel, malleable and cast iron, can 
best be shown by charts made from breakdown tests 
(see Figs. 2 and 3). Such tests are made in a standard 
shot tester, which is a small wheel unit throwing the 
abrasive at high velocity against a hardened target. 
The test is carried out until 55°/, of the shot is broken 
down or passes through the next smaller sized screen. 

Today all abrasive manufacturers conform to 
definite screen sizes established by the Society of 
Automotive Engineers. Certain tolerances are per- 
mitted, but in the shot sizes, a minimum of 65%/, to 
85°/, must be retained on the screen designated for 
each respective size. S.A.E. has established 13 sizes in 
shot. The smallest is S-70. In this size, a minimum 
of 65°/, of the shot must be retained on a No. 80 
screen (having an opening of 0.0070"). The largest 
size is S-1320. With this, a minimum of 85°/, of the 
shot must be retained on a No. 6 screen (having an 
opening of 0.132"). 

In the grits, there are 12 sizes ranging from the 
finest, G-325, with a minimum of 20° retained on a 
No. 325 screen (having an opening of 0.0017”), to the 
largest, G-10, where a minimum of 80°, is retained on 
a No. 10 screen (with an opening of 0.0787"). 

Obviously, the degree of roughness or fineness of 
the finish obtained is dependent upon the size of 
abrasive selected. Generally, shot gives a peened 
finish, and grit a inatt finish. To attempt to specify 
in this discussion the type and size of abrasive best 
suited for the many applications for which abrasive 
blast equipment is being used today would not only 
be difficult, but impractical. One reason is the many 
variables involved, such as the degree of hardness of 
inetal and the scale to be removed ; the individual 
taste or opinion of the ultimate user of the abrasive 
as to which type of finish is best suited for their 
particular product: the constant changes and 
improvements being made in the metallurgy of metals. 

Perhaps the most important reason is the continued 
research and development being made in producing 
unproved new types and quality of abrasives. For 
instance, acceptable cleaning and finishes are being 
obtained with the new cast steel shot on metal pro- 
ducts more economically, and sometimes faster, than 
could formerly be accomplished with metallic grits 
only. Because of the foregoing, equipment manu- 
lacturers have complete demonstration departments 
available to the trade, where tests can be conducted 
to predetermine the abrasive and equipment best 
suited for the job. Prospective users of blast cleaning 
equipment should avail themselves of these facilities 


to eliminate all guesswork and headaches before the 
equipment is installed. ‘ 


Non-Ferrous and Non-Metallic Abrasives 


In addition to the ferrous metal abrasives, there 
are two non-ferrous metal abrasives being used ; 
namely, copper and zinc. These abrasives are relatively 
new and are not yet being used very extensively. 
Currently their application is mostly confined to 
cleaning and some cases of deburring brass, aluminium 
and zinc die castings. 

In the non-metallic abrasives, there are on the 
inarket :- 

1. crushed apricot pits, walnut and pecan shells ; 

2. ground corn cobs ; 

3. rice hulls. 

In the first type, the apricot pits have proved to be 
the most popular. They are being used quite 
extensively in airless-blast equipment for deflashing 
in the plastic industry. Also, on certain types of 
aluminium castings, very light fins are being removed 
successfully. The second and third types are not too 
practical for airless-blast applications because of their 
relative lightness and softness. They are normally 
used in airblast equipment for removing light scales, 
such as carbon from automotive and aircraft motor 
parts, in motor testing laboratories. 


Standard Airless-Blast Equipment 

To meet the demand for airless-blast equipment, 
manufacturers have designed many work-handling 
methods for presenting various metal products to the 
abrasive blast for high production, mechanised 
cleaning and finishing. 

Figs. 4.and 5 show the Tumblast or barrel type 
machine. This was the first type of machine to which 
the airless-blast unit was adapted in 1933, and is still 
one of the most popular and versatile machines on the 
market today. The diagrammatic view (Fig. 5) shows 
the endless apron conveyor principle used for 
handling the work. The phantom view (Fig. 4) shows 
all the important features of the complete machine. 
The wheel unit throws a fan-shaped pattern of blast 
across the work as the forward travel of the conveyor 
tumbles the work and exposes all surfaces to the blast 
action. The spent abrasive falls by gravity through 
perforations to a screw conveyor, which feeds the 
abrasive through a rotary screen to remove any large 
contaminants removed from the work. From here, 
the bucket elevator carries the abrasive to an over- 
head abrasive separator, where the abrasive is 
‘““washed ” pneumatically to remove any sand or 
unusable fine abrasive before delivering the clean 
abrasive to the storage hopper. This automatic re- 
cycling and cleaning of the abrasive is very important 
to the efficient performance of blast cleaning equip- 
ment. The door can be easily opened for inspection 
and the work can be unloaded by simply reversing the 
apron conveyor. This type of machine is available 
in various sizes ranging from one cu. ft. to 63 cu. ft. 
load capacity. 

The previously described machine is usually referred 
to as a batch or intermittent type. To meet the 
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demands of very large producers of fairly uniform- 
sized parts, such as the automotive and pipe fitting 
manufacturer, a continuous barrel-type machine was 
built as shown in Fig. 6. This machine also employs 
the endless apron conveyor principle, but the flow of 
work is continuous and lends itself to the highly 
conveyorised producing plants where interruption of 
the work travel through various operations is 
undesirable. 

For work that does not lend itself to the tumbling 
action, various types of table machines have been 
developed. These include plain table type (Fig. 7), 
multi-table type (Fig. 8), and swing-table type (Fig. 9). 

Various sizes of these tables are in use, the most 
popular being the multi-table and swing-table types, 
because the entire area of each table rotates under 
the blast pattern many times as it passes through the 
machine, thereby achieving faster cleaning results. 


Special Airless-Blasting Equipment 


Whereas the previously described machines are 
usually referred to as “standard” type, much work 
has been done on the development of “ special ” 
machines designed to meet high production of large or 


LOADING END 


Fig. 6. Continuous barrel-type 
machine for airless abrasive blasting 


fairly uniform-sized parts. 


intricate parts which are difficult to clean in the 
“standard ” machine. ? 

A Monorail cabinet type machine (Fig. 10) employs 
the overhead conveyor principle for carrying work 
through the blast zone. Multiple airless blast wheels 
from two to eight, depending upon the type of work 
to be cleaned, are mounted on the vertical side walls 
in varying positions to give the best coverage of areas 
to be cleaned. There are many variations in the 
monorail line travel through the cabinet. It may be 
single-pass, double-pass or triple-pass, depending on 
individual requirements. In the most common 
arrangement, the work is carried on spinner hooks 
which index and revolve in front of each blast wheel 
for a predetermined period of time. Work may be 
hung on the hooks in single or multiple numbers. Very 
high production is obtained on such typical work as 
cylinder blocks and heads, crankshafts, camshafts, rear 
axle housing and shafts, soil pipes and fittings, bath- 
tubs and sanitary ware, miscellaneous iron and steel 
castings, forging and fabricated parts. 

A relatively new development is the car-type room. 
This airless blast machine was designed to meet the 
demand to eliminate or greatly reduce the need of air 
blast rooms where very large work is cleaned with 
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RUBBER ™“ 
sll DIRECTION OF CURTAIN DIRECTION OF 
VESTIBULE MAIN TABLE VESTIBULE MAIN TABLE 
WORK LOAD ROTATION WORK LOAD ROTATION 
AND UNLOAD POSITION AND UNLOAD POSITION 
Fig. 7. Diagrammatic view of operating principle of a Fig. 8. Diagrammatic view of operating principle of a 
single work table blast machine. multi-table blast machine. 





Fig. 9. Diagrammatic view of operating principle of a Fig. 10 Diagrammatic view of a monorail cabinet-type of 

swing table-type blast machine. Shaded portion shows airless blasting cleaning machine. Fine airless blast units 

table in open and loading position; dotted lines show are utilised at different levels for throwing abrasive upon 
table in closed and operating position. the work to be cleaned. 
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manually operated blast nozzles. Car-type rooms 
are in use for cleaning work weighing up to 35 tons. 
Multiple airless blast wheel units, from two to nine 
in number, are common to this type of equipment. 
The work is rotated on tables. In work weights up 
to 10 tons, the table can be mounted on the car that 
carries the work into and out of the room. On work 
heavier than 10 tons, the table is built into the room, 
and the sled-type car carries the work on to the table, 
similar to a railroad turn-table. 


The airless blast cabinet employing a skew-dished- 
roll conveyor (Fig. 11) is extensively used for handling 
cylindrical work. Such work as pipe and tubing of 
various diameters, gas cylinders, printers rolls, 
ammunition shells, etc., are being cleaned in this type 
of equipment in high production quantities. One 
or two airless blast units are normally required for 
this type of machine. 


Several types of special airless blast machines have 
been developed for the metal drum reconditioners. 
One of the types is shown in Fig. 12. This machine 
is capable of removing old paint, rust and other 
accumulations from used 55-gallon and 30-gallon 
metal drums at the rate of 80 to 100 per hour. Both 
open and closed-end drums are adaptable to this 
machine. The work handling method employed is 
shown on the diagrammatic view. 


Recent Developments 


In recent years, many special airless machines have 
been designed for the steel mill industry for removing 
scale from carbon and stainless steel strip, plates and 
slabs and the etching of cold reduction mill rolls. 
Sheets are carried through the cabinet on a roller 
conveyor, and four airless blast wheels are employed, 
two above and two below, which uniformly remove 





Fig. 12. Diagrammatic view of a two-wheel 
drum cabinet used for cleaning 55 gallon 
steel drums. 


LOADING AND 
UNLOADING 









Fig. 11. A diagrammatic view of the skew-dished roller 


conveyor type of blast machine for carrying cylindrical 
objects past blasting machine. 


scale down to the virgin metal from both sides in one 
pass. Similar machines are in use today employing up 
to 16 airless blast units. 

With the development of the airless blast wheel it 
became economically practical to adapt the process 
of abrasive blasting to scores of metal cleaning and 
finishing problems. New work handling methods with 
the operator working outside a properly ventilated 
and carefully sealed cabinet brought about safety 
improvements, and the development of metallic 
abrasives made possible great increases in productivity 
with equally great decreases in the cost of operation. 

Because of the complete flexibility of control over 
the blasting action, airless blasting is now being 
universally applied to all phases of the metal cleaning 
field. Products can be given a silvery matt or a satin 
finish, as desired, by the selection of the proper 
abrasives. Airless blast cleaning today is considered 
an important general purpose production tool. 











news of members 





NEW YEAR HONOURS 


The Institution records with pleasure the following 
awards made to members in Her Majesty the Queen’s 
New Year Honours List :- 

O.B.E. 
Principal C. D. Alder, M.I.Prod.E., Cornwall 
Technical College, Redruth. 
M.B.E. 
Mr. W. H. Hopkins, A.M.I.Prod.E., Werks 
Manager, E.M.I. Factories, Ltd., Wembley. 





OBITUARY 

His many friends and colleagues throughout the 
Institution will have been grieved to learn of the 
sudden death, on Christmas Day, of Mr. Tom 
Fraser, C.B.E. This news was received just as the 
present issue of the Journal was going to press, and a 
full appreciation of Mr. Fraser, who was one of the 
Institution’s oldest and most valued members, will 
appear next month. 


The Institution records also with great regret the 
death of Mr. J. D. Frier, Member. Prior to his 
retirement in 1953, Mr. Frier was Head of the 
Mechanical Engineering Department of the Coventry 
Technical College. He had served on the Institution’s 
Joint Examination Board, as examiner and assessor, 
for over 10 years. 





Mr. A. Bailey, Member, will be moving to 
Adelaide, South Australia, in March, 1957, to install, 
set up and manage a F.H.P. motor division for 
Kelvinator Australia Limited, England. Mr. Bailey 
transferred from Nash-Kelvinator Limited, England, 
in October, 1956, after being General Factory 
Manager of the Crewe factory for the past six years. 
Mr. Bailey has been a Member of the Institution for 
some years and was the first Chairman of the South 
Wales and Monmouthshire Section. 


Mr. F. H. G. Lane, Member, has now concluded 
his contract with Messrs. Braithwaite & Co. (India) 
Limited, Calcutta, and has taken up an executive 
appointment with Messrs. Braithwaite & Company 
Structural Limited, London, West Bromwich and 
Newport. 

Mr. D. H. McCormack, Member, has taken up 
a new senior production appointment with Churchill 
Gear Machines Limited, Newcastle. 


Mr. C. F. Rose, Member, has been appointed to 
the position of Production and Works Assistant with 
responsibility to the Chief Mechanical and Electrical 
Engineer and the Carriage and Wagon Engineer of 
the Eastern and North Eastern Regions, Doncaster. 


Mr. J. G. Crofts, Graduate, is now Service 
Manager of Messrs. Burn & Co. Limited, Howrah, 
Calcutta, has been appointed Deputy General 
Manager. 
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Mr. R. L. Aston, Associate Member, has recently 
been promoted to Senior Lecturer in Production 
Engineering at the College of Technology, Cardiff. 
Mr. Aston serves on the South Wales Section 
Jommittee. 


Mr. N. H. Bradbury, Associate Member, has 
relinquished his position as Lecturer in Mechanical 
and Electrical Engineering at the County Technical 
College, Kings Lynn, to take up an appointment as 
Head of the Engineering and Mining Department at 
the Bishop Auckland Technical College, Co. Durham. 


Mr. R. A. Farman, Associate Member, of Lever 
Brothers (India) Limited — 
which recently changed its 
name to Hindustan Lever 
Limited — joined his _pre- 
sent Company as Methods 
Study Manager in 1952. 
Previously he was a 
Senior Industrial Engineer 
with the Parent Company, 
Lever Brothers Limited, Port 
Sunlight. His present assign- 
ment, as head of the 
Methods Study Department, 

» is to advise on productivity 
in the Diaenenny’s six factories located in various 
parts of India. 


Mr. K. J. B. Dunn, Associate Member, is now 
Chief Planning Engineer to British European Airways 
Maintenance Base at London Airport with the title 
of Planning Superintendent. His previous position 
was Planning Superintendent at the Renfrew 
Maintenance Base. 


Mr. A. E. Kirtom, Associate Member, is now 
Assistant Works Manager of Mauritius Railways. 


Mr. E. C. Lucking, Associate Member, has 
relinquished his position as Personnel Officer with 
the Glacier Metal Company, and has joined the 
Northern Electric Company Limited, in Montreal, as 
an Engineer. 





Mr. G. Sharp, Associate Member, has taken up 
the appointment of Chief Inspector with the Brush 
Electrical Engineering Company Limited, Lough- 
borough. 


Mr. H. J. C. Weighell, Associate Member, has 
joined The Sperry Gyroscope Co. Ltd., London, as 
Production Methods Superintendent. 


Mr. J. M. Barber, Graduate, has recently taken 
up an appointment as Production Manager at Test 
Equipment, Ltd., Crawley. 


Mr. J. G. Crofts, Graduate, is now Service 
Manager at Triplejay Equipment (Rhod.) (Pvt.) 
Limited, Salisbury, Southern Rhodesia. 
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Mr. D. Jamie, Graduate, has recently taken up 
an appointment as Development Engineer at Messrs. 
Richard Thomas & Baldwins, Griffithstown, Mon. 


Mr. N. A. Martin, Graduate, has recently joined 
the Lockheed Hydraulic Brake Company as a trainee 
Method Study Engineer at their Leamington Works. 


Mr. S. A. Onions, Graduate, has relinquished 
his position as Senior Planning Engineer with Messrs. 
Wilmot Breeden Limited, Bridgwater, and has taken 
up an appointment as a Senior Planning Engineer 
with Bristol Aircraft Limited, Filton. 





Mr. K. Perkins, Graduate, has now been 
demobilised from the Royal Air Force and has 
taken up an appointment with the English Electric 
Company Limited, Rugby, in the Manufacturing 
Engineers Department. 


Mr. D. G, Slatter, Graduate, has relinquished 
his appointment with Messrs. Chubb & Sons Lock & 
Safe Company, and has taken up a position with 
Hoover (Washing Machines) Limited, Merthyr Tydfil, 


as a Planning Engineer. 


EDUCATION DISCUSSION GROUP 
MIDLAND CENTRE 


REPORT OF ACTIVITIES, 1956 


Chairman : 
Ww. L. JACKSON, A.M.I.Prod.E., 
Chance Technical College, Smethwick. 


fs first meeting of the year was held on the 11th 
February, and a Paper was presented by Mr. T. B. 
Worth, M.I.Mech.E., M.I.Prod.E., A.M.I.E.E., a 
former Education Officer of the Institution and at 
present in charge of Production Engineering in the 
Mechanical Engineering Department of the College 
of Technology, Birmingham. His subject was “ Pro- 
duction Engineering or Industrial Engineering?” 
and his material was largely obtained during his visit 
to America. He put forward many ideas which were 
well received and provided the basis for a lively 
discussion; many questions were posed, and answered 
by Mr. Worth with clarity and humour to the 
satisfaction of all present. 

The second meeting, on 16th June, was addressed 
by Mr. K. J. Hume, B.Sc., M.I.Mech.E., M.I.Prod.E.. 
Chief Education Officer of The Dowty Group of 
Companies. His subject was “The Practical Train- 
ing of the Production Engineer.” This provided so 
much interest and discussion that the outcome was to 
continue it at a later date and the third meeting was 
held on 20th October with Mr. Hume again opening 
the discussion on the same subject. 

In the meantime, Mr. Hume very kindly arranged 
for members of the Group to visit the works of 
Dowty Equipment Ltd., at Arle Court, Cheltenham, 
and to see at first hand the training scheme con- 
ducted there. This visit took place on the afternoon 
of 23rd July, and proved both enjoyable and instruc- 
tive, the weather being ideal for visiting a modern 
works in such beautiful surroundings. Arrangements 





Hon. Secretary: 
N. WARD, B.Sc., A.M.I.Prod.E., A.M.I.Mech.E., 
Handsworth Technical College, Birmingham. 


had also been made for the members to visit the 
Engineering Department of the North Gloucestershire 
Technical College at Cheltenham during the morn- 
ing of the same day, by the kind permission of the 
Principal. 

The next meeting of the Group will be held at 
10 am. on 9th February, 1957, at the Engineering 
Centre, Exchange Buildings, Stephenson Place, 
Birmingham (at the New Street end of the New 
Street Station), and Mr. F. Beach, A.M.I.Mech.E., 
A.M.1.Prod.E., will open the discussion on “ Examina- 
tion Papers -— with special reference to Production 
Engineering.” 

Future meetings are planned to take place on 
June 22nd and October 19th at the same place and 
timed to commence at 10 a.m. 

In accordance with the broad terms of reference 
which govern the Group’s activities, the Chairman, 
on behalf of the present members of the Group, 
heartily invites to these meetings any member of the 
Institution from industry or from _ educational 
institutions in the Midland area who is interested in 
the education of the Production Engineer. It is hoped 
thereby to provide, through discussion, new ideas and 
an appreciation of the difficulties involved in such 
education, together with methods of overcoming 
them, in order that the training and teaching may be 
of the highest possible standard. 

The Hon. Secretary will be pleased to send 
additional information to any interested members 
who will contact him. 
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PERIODICALS ; 


Members are reminded that copies of the Library Catalogue may be obtained 


from the Librarian, price 2/6d., plus 4d. postage (price to non-members, 10/-, plus 


‘td. postage). 


PERIODICALS CURRENTLY RECEIVED 


Aero Research Technical Notes. No. 1, Jan. 1943.- 

Aircraft Engineering. Vol. 22, 1950.— 

Aircraft Production. Vol. 12, 1950. 

Aluminium News. Vol. 3, 1950. 

Aluminium Courier. No. 8, 1949.- 

American Machinist. Vol. 95, 1951. 

Applied Hydraulics. Vol. 6, 1953.- 

Aslib Book-List. Vol. 16, 1951. 

Aslib Information. (Kept for one year.) 

Aslib Proceedings. Vol. 3, 1951. 

Association Francaise des Conseils en 
Scientifique. Bulletin. Vol, 3, 1951.— 

Austin Technical News. (Kept for one year.) 

Automation. Vol. 3, 1956.- 

Automation Progress. Vol. 1, 1956.- 

Automobile Engineer. Vol. 41, 1951.— 


Organisation 


B.P.C. Bulletin. No. 1, Oct. 1953.— 

B.S.C.R.A. Abstracts. Vol. 1, 1951/2.— 

B.S.I. Information Sheet. (Kept for one year). 

Bacie Journal. Vol. 57, 1950.— 

Ball Bearing Journal. 1951.— 

Beama Journal. Vol. 57, 1950.— 

Bearing Engineer. Vol. 14, 1954.— 

Bibliography of Industrial Diamond Applications. Vol. 8, 
1951.- 


Bibliotech. (Kept for one year.) 

Board of Trade Journal. Vol. 166, 1954.— 

The Bonderizer. Vol. 2, 1952/3.— 

Books of the Month. (Kept for one year.) 

British Cast Iron Research Assoc. Bulletin. Vol. 11, 1951/3. 

British Cast Iron Research Assoc. Bulletin. Vol. 11, 
1951/3.— 

British Institution of Radio Engineers. Journal. Vol. 13, 
1953.— 

British Machine Tool Engineering. Vol. 34, 1952.— 

British Management Review. Vol. 11, 1952/3.— 

British Non-Ferrous Metals Research Assoc. Bulletin. Vol. 
31, 1951.— 

The British Packer. Vol. 14, 1952.— 

British Plastics. Vol. 22, 1950.— 

British Radio and Television. Vol. 9, 1954/5.— 

British Welding Journal. Vol. 1, 1954.— 

Brush Group. Technical Journal. Vol. 1, 1954.— 

Business. Vol. 83, 1953.— 


C.N.O.F. Vol. 24, 1950.— 

Canadian Weekly Bulletin. (Kept for three months.) 

Centre de Documentation Siderurgique. Bulletin analytique. 
Vol. 7, 1950.— 

Chartered Civil Engineer. (Kept for one year.) 

Chartered Mechanical Engineer. Vol. 1, 1954.— 

Compressed Air Engineering. Vol. 18, 1953.— 
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Control Engineering. Vol. 2, No. 8, 1955.— 

Copper Development Assoc. Technical Survey. No. 1, 
1953.—- 

Cost Accountant. Vol. 29, 1950/51.— 

Cronache Della Produttivita. Vol. 1, 1953.— 


Design News. Vol. 8, 1953.— 

The Director. Vol. 3, 1951/2. 

Doelmatig Bedrijfsbeheer. (Kept for three years.) 

Drawing Office Announcer. (now Engineering Designer.) 
1953. 


Economist. (Kept for six months.) 

Edgar Allen News. Vol. 32, 1953.— 

Electrical Journal. Vol. 150, Jan.-June, 1953.— 
Electrical Manufacturer. Vol. 6, 1950.— 
Electrical Review. Vol. 148, Jan.-June, 1951.- 

Elliott Journal. Vol. 1, 1951 

Engineer. (Kept for three years.) 

Engineer and Foundryman. Vol. 16, 1951/2.— 

Engineer Apprentice and Engineer Student. Vol. 2, 1953.— 
Engineering. (Kept for three years.) ; 
Engineering Designer. 1953.— 

Engineering Index. 1950.— 

Engineering Industries Bulletin. (Kept for one year.) 
Engineering Inspection. Vol. 18, 1954.— 
Engineering Journal. Vol. 34, 1951.— 

Engineers’ Digest. Vol. 11, 1950.— 

English Electric Journal. Vol. 13, 1953/4.— 

Esso Oilways. Vol. 5, 1952/3.— 

Etude du Travail. No. 5, April, 1950.— 





G.E.C. Journal. Vol. 21, No. 4.— 
Grits and Grinds. Vol. 42, 1951.— 


Haynes Alloys Digest. Vol. 2, 1953.— 

Heating and Air Treatment Engineer. Vol. 16, 1953.— 
Hiduminium Abstract Bulletin. Vol. 21, 1951.— 
Hommes et Techniques. Vol. 7, 1951.— 


Index Aeronauticus. Vol. €, 1950.— 

Indian and Eastern Engineer. (Kept for one year.) 

Industrial Arts Index. Vol. 40, 1950.— 

Industrial Diamond Review. Vol. 13, 1953.— 

Industrial Welfare and Personnel Management. Vol. 25 
1953.— 

Informes de la Construccién. (Kept for one year.) 

Institute of British Foundrymen. Proceedings. Vol. 43, 
1950.— 

Institute of Marine Engineers. Transactions. Vol. 65, 

Institute of Metal Finishing. Bulletin. Vol. 2, 1952.— 

Institute of Metal Finishing. Transactions. Vol. 27, 
1950/51.— 
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Institute of Road "— — Journal and Pro- 

ceedings. Vol. 3, 1949/50. 

Institute of the Motor Industry. “Vol. 2, 1950/51.— 

Institute of Welding. Transactions. (Now British Welding 
Journal). Vol. 1, 1954.— 

Institution of Automotive and Aeronautical Engineers. 
Journal. Vol. 12, 1952.— 

Institution of Civil Engineers. Proceedings. Vol. 3, 1954.— 

Institution of Electrical Engineers. Proceedings. Part 1. 
Vol. 97, 1950. 

Institution of Engineers and Shipbuilders in Scotland. 
‘Transactions. Vol. 96, 1952/53.— 

Institution of Engineers Australia. Journal. Vol. 23, 1951.— 

Institution of Heating and Ventilating Engineers. Journal. 
Vol. 18, 1950/51. 

Institution of Mechanical Engineers. Proceedings. Vol. 147, 
1942. 

Institution of Production Engineers. 
1921/2. 

Instrument Engineer. Vol. 1, April, 1952.— 

Instruments and Automation. Vol. 28, No. 7, 1955.— 

Iron Age. Vol. 167, Jan.-June, 1951.— 

Iron and Steel Institute. Journal. Vol. 163, Sept.-Dec., 

1949,— 


Journal. Vol. 1, 


Journal of Applied Pneumatics. No. 5, 1953.— 

Journal of Documentation. Vol. 7, 1951. 

Journal of Industrial Engineering. Vol. 5, 1954.— 

Junior Institution of Engineers. Journal. Vol. 44, 1943/44.— 


Leeds Association of Engineers. Annual Report and 
Journal. No. 85, 1950.— 

Light Metals Bulletin. Vol. 14, 1952.— 

Lubrication. Vol. 8, 1953.— 


Machine and ‘Tool Blue Book. Vol. 49, 1953. 

Machine Design. Vol. 25, 1953.— 

Machine Shop Magazine. Vol. 11, 1950.— 

Machine-Tool Review. Vol. 41, 1953.— 

Machinery (NY). Vol. 60, 1953/54.— 

Machinery (London). Vol. 61, July.-Dec., 1942.— 

Machinery Lloyd. Vol. 22, 1950.— 

Machinery Market. No. 2720, Jan. 2nd, 1953.— 

The Machinist. (now Metalworking Production). Vol. 94, 
1950. 

Magnesium Review and Abstracts. Vol. 9, 

Management Abstracts. Vol. 1, 1948.— 

Management Digest. Vol. 6, 1950.— 

Management News. Vol. 5, 1953.- 

Management Review. Vol. 42, 1953.— 

The Manager. (Kept for three years.) 

Marine Engineering and Shipbuilding Abstracts. Vol. 16, 
1953.— 

Marketing. (Kept for three years). 

Mass Production. Vol. 26, 1950.- 

Materials and Methods. Vol. 37, ag June, 1953.— 

Mécanique Documentation. Vol. 5, 1950.— 

Mechanical Engineering. Vol. ie. "No. 4, April, 1954.— 

Mechanical Handling. Vol. 37, 1950.— 

Mechanical World and Engineering Record. Vol. 131, 
Jan.-June, 1952.— 

Metal Industry. Vol. 80, Jan.-June, 1952.— 

Metal Treatment and Drop Forging. Vol. 18, 1951.— 

Metal-Working. Vol. 10, 1954.— 

Metal Working. Production. Vol. 94, 1950.— 

Metropolitan-Vickers Electrical Co. Ltd. Technical News 
Bulletin. (Kept for one year.) 

Microtecnic. Vol. 8, 1954.— 

Ministry of Labour Gazette. Vol. 62, 1954.— 

Modern Machine Shop. Vol. 25, 1952/53. 

Modern Materials Handling. Vol. 6, 1951.— 

Monthly Digest of Statistics. No. 97, Jan., 1954.— 


1953.— 





Murex Review. Vol. 1, No. 4, 1949.— 





NRDC Bulletin. No. 1, April, 1954.— 

New Scientist. Dec., 1956.— 

New Technical Books. Vol. 36, 1951.— 

New Zealand Engineering. Vol. 6, 1951.— 

Nickel Bulletin. Vol. 25, 1952.— 

North-East Coast Institution of Bigipaess and Shipbuilders. 
Transactions. Vol. 69, 1952/53.- 


O.R.: Operational Research Quarterly. Vol. 1, 1950.— 

Occupational Psychology. Vol. 26, 1952.— 

Office Management. Vol. 5, 1951.— 

Oil. Vol. 2, 1952/4.— 

Oil: Lifestream of Progress. Vol. 2, 1952.- 

aaa og Research Society of America. Journal. Vol. 2, 
954,.— 


PERA Bulletin. Vol. 1, 1947/48.— 

Personnel Management. Vol. 33, 1951.— 

Personnel Management Welfare and Industrial Equipment. 
Vol. 20, 1954.— 

Philips Technical Review. Vol. 12, 1950/51.— 

Physics Abstracts. Vol. 52, 1949.— 

Polish Technical Abstracts. No. 1, 1951.— 

Power Transmission. Vol. 19, 1950.- 

Precision Metal Molding. Vol. 12, 1954.— 

Process Control. Jan., 1955.— 

Product Finishing. Vol. 4, 1951. 

Product Engineering. Vol. 22, 1951. 

Produttivita. Vol. 1, 1950.- 


Refa Nachrichten. Vol. 5, 1952. 

Report from Cincinnati Milling. Vol. 10, 1953.- 

Revista de Ciencia Aplicada. No. 36, 1954.— 

Revue Generale des Sciences Appliquees. Vol. 1, 1952/53.— 
Reynolds Metals Technical Advisor. No. 22, 1953.— 
Rivista di Meccanica. Vol. 2, 1951.— 

Rotol and British Messier Digest. (Kept for one year.) 
Royal Aeronautical Society. Journal. Vol. 54, 1950.— 
Rubber Developments. Vol. 3, 1950.— 


Science and Engineering. Vol. 6, 1953.— 

Scientific Lubrication. Vol. 2, 1950.— 

Scope. 1950.— 

Screw Machine Engineering. Vol. 13, 1951/2.— 

Sheet Metal Industries. Vol. 28, 1950. 

Shell Magazine. Vol. 31, 1951.— 

South Wales Institute of Engineers. Proceedings. Vol. 68, 
1953.— 

The Supervisor. Vol. 3, 1952.- 

Swiss Technics. 1951.— 


TWI Topics. No. 31, Jan., 1953.— 

The Tabulator. No. 79, 1953.— 

Target. Vol. 5, 1952.— 

Textile Institute. Journal. Vol. 45, 1954.— 

Tijdschrift voor Efficientie en Documentatie. 
three years.) 

Time and Motion Study. Vol. 1, Oct.-Dec., 1952.— 

Times Review of Industry. (Kept for three years.) 

Timken Times and FDC Bulletin. (Kept for one year.) 

Tool Engineer. Vol. 23, July-Dec., 1949.— 

Toolmaker and Precision Engineer. Vol. 5, 1951.— 

Torque. Vol. 1, 1949/1952.- 

Trait d’Union. Vol. 3, 1951/2.— 


(Kept for 


Welding and Metal Fabrication. Vol. 18, 1950.— 
Werkstatt und Betrieb. Vol. 85, 1952.— 
Werkstattstechnik und Maschinenbau. Vol. 42, 1952.— 
Wiggin Nickel Alloys. No. 20, 1953.— 

Woman Engineer. Vol. 7, Spring, 1951.— 

Work Study Journal. Vol. 2, No. 8, March, 1952.— 
Works Management. Vol. 4, 1951/2.— 


Z.D.A. Abstracts. Vol. 8, 1950.— 
Zinc Bulletin. No. 8, Spring, 1949.— 




















** PNEUMATIC GAUGING TECHNIQUE IN ITS APPLICATION 


(concluded from page 120) 


visible at a glance. An account of this apparatus is 
being prepared for publication. 

The usefulness of the pneumatic gauge as a fiducial 
indicator in certain types of measurement should not 
be overlooked. For example, in combination with a 
large thimble micrometer fitted with a non-rotating 
anvil, the air-gauge can be used fiducially to measure 
the displacements of a surface. The magnification of 
the gauge could be made, say, 1,000, so that errors of 
setting the micrometer would be eliminated. With a 
good micrometer, the periodic errors should not 
exceed 0.000 02 in. and the progressive error could be 
determined in advance to a similar accuracy and 
allowed for if necessary. The movements of the 


TO DIMENSIONAL MEASUREMENT ” 





surface over a range up to 1 in. could thus be measured 
with an accuracy of about 0.000 03 in. with 
relatively simple apparatus. 
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A helping hand... 






































At times such as these, many companies will welcome a helping hand. 

In lubrication, it is frequently not the oils you use so much as the methods 
of applying them that make the difference between costly, wasteful 
lubrication, and a system which will enable you to control consumption 
now—and in the years ahead. Wakefields are the only major oil group 

which makes and markets these three essential aids to efficient production: — 


* MECHANICAL LUBRICATORS FOR OIL OR GREASE. 
* MOBILE DISPENSING EQUIPMENT. 
* TOP QUALITY LUBRICANTS. 


We wish to assure you that our experience and our every facility—are at your service. 





- Further details immediately obtainable from— 


WAKEFIELD - DICK INDUSTRIAL OILS LTD 


DEPARTMENT P.D., 67 GROSVENOR STREET, LONDON, W.1 


Phone Grosvenor 6050 
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MILLS SCAFFOLD CO. LTD. 


(A subsidiary of Guest, Keen & Nettlefolds, Ltd.) 
Head Office: TRUSSLEY WORKS, HAMMERSMITH GROVE, LONDON, W.6 «+ TELEPHONE: RIVERSIDE 3011 


BIRMINGHAM * BOURNEMOUTH *+ BRIGHTON *+ BRISTOL * CANTERBURY °* CARDIFF 
* LIVERPOOL * LOWESTOFT * MANCHESTER 
* YARMOUTH 


Agents and Depots BELFAST * 
COVENTP-Y * CROYDON * DUBLIN * GLASGOW * HULL °*« ILFORD 
NEWCASTLE NORWICH * PLYMOUTH * PORTSMOUTH + READING * SHIPLEY * SOUTHAMPTON * SWANSEA 
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FATHOM 








A measure of length, originally the span of a man’s a 
fully outstretched arms. As such it was used by leadsmen when taking aN Si 


soundings at sea. It has long been standardised at 6 feet. 


Over the years, standards have been evolved by man to meet his personal needs 
and to regulate his trade and general relationships with his fellows. 

The main function of the British Standards Institution is to set up and maintain 
standards of quality, fitness for purpose and performance so that users may rest assured that 
they are obtaining value for money. 

In some cases the existing procedure of a producer is accepted as the best practice of 
the art and is taken as a basis for the standard in question. Thus British Standard 1004 
(Zinc Alloys for Die Casting) was based on the established practice of the Imperial Smelting 
Corporation in the production of MAZAK. 





The Standard by which others are judged. 





[veri Serine 


‘U.K. MEMBER OF THE CONSOLIDATED ZINC CORPORATION LIMITED 
IMPERIAL SMELTING CORPORATION (SALES) LIMITED, 37 DOVER STREET, LONDON, W.I. 


When replying to advertisements please mention the Journal 





XLVI The Institution of Production Engineers Journal 


It Me little things that matter | 


High precision components with an established reputation 
for quality and long life, minor items perhaps, but of major 


importance to the efficiency of the modern motor vehicle. 


WATER PUMPS 
STEERING IDLERS 
GEAR CHANGE 
MECHANISMS 
BRAKE DRUMS 
PUSH RODS 

BALL PINS 
SHACKLE PLATES 
THRUST PLATE 
ASSEMBLIES 
AND MACHINED 
COMPONENTS OF 
ALL KINDS 


@) 


C3 


Ee 


Concentric Components are produced in a modern factory specially 


designed and equipped to produce a better job at a lower cost. 


TYBURN ROAD, BIRMINGHAM, 24 
CONCENTRIC MANUFACTURING Co Ltd Telephone : EASt 2081:2:3-4-5 


Telegrams : ‘‘Accelerate’’ Phone, Birmingham 
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MACHINE TOOLS 





























Model KL 4” x 18” high precision cylindrical 
grinder available with self-contained internal 
grinding attachment and ‘Trumatic’ wheel-wear 


and size compensator. One of a range of superior 


quality grinding machines manufactured by 
: MACHINE TOOLS) LTD. 


full details on request to 


NEW ALL GROUP SALES LIMITED 


PETERBOROUGH PHONE 3227-8-9 KEIGHLEY PHONE 4294 
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What an efficient foil the decoy duck has proved to be. Its realistic 
crafting make it quite indistinguishable from the ‘ real thing’ even 
at very short distances at least the keen eyes of “ brother duck ” 
are completely deceived, much to the joy of the sporting fraternity. 
Even to the experienced eye a variety of castings may look alike. Only when 


they are put to their particular task is the strength or weakness visible. 


Ycol castings in gunmetal, phosphor 

bronze, manganese bronze, aluminium 
bronze and aluminium alloy have gained 

an enviable reputation for purity, uniformity 
and durability. Every care is taken 
through every phase of their manufacture, 
in a modern foundry planned specifically 


for the production of high quality castings. 
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WHYTE & COLLINS LTD. : KELVIN WORKS : FENTON . STOKE-ON-TRENT 
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A Company founded on the basic 









need for Precision, and never 










SINCE surpassed mm the design and 





development of Measuring Instruments 


Model 3 “TALYSURE’ 
Surface Measuring 
Instrument 











2OND' ROUNDNESS MEASURING INSTRUMENT 









k A Mente of TAYLOR, TAYLOR & HOBSON LTD., LEICESTER, England 


RANK PRECISION INDUSTRIES LTO 
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Engineers Small Tools 
TWW and Accessories 
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‘Wards might have it’ applies to Small Tools and 
Accessories as it does to all the branches of industry 
served by Wards. A complete and dependable 
L range is available from stock or very early delivery. 


THOS.W.WARD LTD - ALBION WORKS - SHEFFIELD - Tel. 26311 (22 ines! 


LONDON OFFICE - BRETTENHAM HOUSE : LANCASTER PLACE : STRAND: W.C.2_ TEL: TEM 1515 (12 LINES) 


EST. 2 








\ 
‘) 


The Institution of Production Engineers Journal 


HEENAN-MARLEY 





The latest development in water cooling 


MANUFACTURED BY 


Low initial cost 

Low fan power 

Reduced costs of electric current 

Low height, suitable for confined spaces 
Easier blending with architecture of 
buildings 

Unique cross-flow principle 
Gravity-flow non-clog water distribution 
Quiet running 

Simplicity of design 

Easy installation due to self-contained 
construction 

Easy access and maintenance 


HEENAN & FROUDE LIMITED, WORCESTER, ENGLAND 
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AUTOMATION OR OTHERWISE 
let Wild-Barfield fit 
ieat-treatment into 
your production line 


‘ 
















a 


More and more production engineers are finding 
that the installation of Wild-Barfield continuous 
furnaces speeds up production flow and helps to 
cut costs. By bringing heat-treatment right into the production line, delays and 
wasteful handling are eliminated. Wild-Barfield make a wide range of continuous 
furnaces for normalising, hardening, tempering, carbonitriding, bright annealing 
and other applications. All are built to the highest standards of workmanship to 
meet the requirements of production engineers and metallurgists. The Wild-Barfield 
Research Department is available to advise on your heat-treatment problems. 


ELECTRIC 


Vt) FOR ALL HEAT- TREATMENT PURPOSES 


FURNACES 





WILD-BARFIELD ELECTRIC FURNACES LTD 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 6091 (8 lines) 
we38 
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NEWCON 


roller } 


Company 





conveyors 


the most 
economical 
answer to 
most handling 


problems 
— 


For light or heavy loads Neweon Conveyors are 
the simplest, cheapest and most adaptable 
method of mechanised movement. Using gravity 
to provide momentum, a continuous movement 
of goods can be maintained between processes, 
giving a fine control of speed according to the 
inclination of the conveyor. 





Newcon rollers are made in a range of standard, 
heavy duty, extra duty and moisture proof types. 
Track is supplied normally in 8’ and 10’ sections; 
curved sections and branch lines are also avail- 
able as standard, 


Please send literature and full details (Please tick those req.) 
ROLLER CONVEYORS [] IDLERS [] DRUMS [] 


NAME 
FIRM __ 
ADDRESS __ 


NEW CONVEYOR CO LTD 


HEAD OFFICE: SMETHWICK BIRMINGHAM 40 ALSO AT LONDON MANCHESTER GLASGOW 
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they go to Town... 





at the Parkgate Iron & Steel Co Ltd 


In the Maintenance Shop a Town C.E.1I. Heavy Radial Drilling 
Machine is kept busy on a great variety of work, in this 
case drilling a 3 in. hole in a Blooming Mill Manipulator Head. 


Parkgate are very satisfied with their ‘** Town”? radials. 





ESTABLISHED - 1903 


* 
FRED" TOWN & SONS LTD 


HALIFAX - YORKS 
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for chucking work 


Max. turning dia. 22 ||, in. Max. swing 24}? in. 


Sole Agents in the U.K.: 4, QUEEN ST., CURZON ST., LONDON, W.! 


AS Fas U G cael y= % N Telephone: GROsvenor 8362-5 


Midland Office & Demonstration Room 


ASSOCIATES LIMITED Bg. gnc cmegepes. va pe getty 





WZ 98/42 
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The leading manufacturers 
of spark machining equipment 
now introduce their latest 





A battery of four Sparcatron heads operated from one main control 
unit in conjunction with three auxiliary control units. 


Sole Agents for the United Kingdom BURTON, GRIFFITHS & CO. LTD 
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Mk III Model 


65 kW 


Harvester Tine forging die machined 
from the solid by Spark Machining in 
the hardened state 


Jet Compressor Blade Forging Die 
reconditioned by Spark Machining 


Layshaft Forging Die, preformed and 
finished by Spark Machining 


SPARCATRON 


Manufactured by 
IMPREGNATED DIAMOND PRODUCTS 
LIMITED 
GLOUCESTER * ENGLAND 


KITTS GREEN «- BIRMINGHAM 33 
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Remington 
perfection 


relies on... 





Industry’s 


biggest names use. . 


S N (0) W & CO. LTD. Machine Tool Makers STANLEY ST. SHEFFIELD 3 


LONDON 58 Victoria Street, S.W.1. BIRMINGHAM Daimler House, Paradise Street 
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Orders keep pouring in... 








Make a N 


better mouse- N 



















trap and the world \ 
beats a path to your door. *e 
And the saying holds good whether 
it be mousetrap or machine tool, door lock 
or duplicator, fishing reel or food mixer, printing 
plant or petrol pump. Whatever the product if it meets the 
needs of the customer and is at the right price—orders will come 
pouring in. Today the problem is how to keep pace with demand. 
Certainly it applies in our case. In order to satisfy demands from new 
customers we have undertaken a major development programme. The 
installation of a considerable amount of plant is now complete, enabling 
us once again to turn our attention to enquiries from new customers. Wayne Tank and Pump'Co., Ltd. 
are old friends of ours. We illus- 
trate a few of the more recent 


castings made by us for their 
latest model. 


AMPTON DIE CASTING 


AFFILIATED WITH 





Ole CasTER® 








THE WOLVERHAMPTON DIE CASTING COMPANY LIMITED 
GRAISELEY HILL WORKS - WOLVERHAMPTON - TELEPHONE 23831/6 
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THREADING 


CEJ PRODUCTS 
Ground Thread Taps 


Screw Plug Gauges 

Screw Ring Gauges 

Circular Chasers and 
Holders 

Round Dies 

Thread Milling Hobs 

Thread Rolling Dies 

Plain Plug Gauges 

Mikrokators 






Micro Snap Gauges 

Surface Finish 
Indicators 

Micrometers 

Bore Gauges 

Deltameters 
(Automatic Sizers) 

Drill Chucks 

Gauge Blocks 

Dynamometers 





TOOLS 


Extensometers 


Plain and Screw Snap 
Gauges 


Plain Ring Gauges 


Gronkvist Drill Chucks 


Dial Gauges 
Tapping Attachments 


Multiple 
Microscopes 


Interference 


Vernier Height Gauges _ : 
| Lo 


q. 
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A.1.D. AND A.P.1. APPROVED 
SOUTHFIELDS ROAD, DUNSTABLE, BEDS - TEL: DUNSTABLE 422/38 
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Ever since their invention, men have 


1 
been intrigued by firearms. They , 
handle them lovingly, they use them =p . g 
carefully, they (even) = | 
delight in cleaning them f 
painstakingly. What é 
Guns are made very, very carefully. 
is the deadly 
They do not benefit by mass-production. And they have ; 
fascination of these 
to be constructed of the finest materials available, 
weapons ? 
and then exhaustively proven. A product which shows such ( 
evidence of craftsmanship will certainly intrigue | 
any man. A Kirkstall Bright Steel Bar, in its own way, is a | 
further example of craftsmanship. : 
Carefully rolled from the finest steel available, accurately 
heat treated and bright finished 
emacs, 
by craftsmen, with constant check testing, 
it also is a masterpiece. 
“ames 
ee 
“asi, 
Rae: 
may 
PRR, 
We at Kirkstall have worked iron me 


or steel for over seven hundred years. 


Kirkstall 
Forge 


Leeds + Yorkshire M25 


TELEPHONE: HORSFORTH 2821 
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SHEET METAL 
MACHINERY 


yy 


The Butterley range of sheet 
metal machinery includes 
geared and ungeared power 
presses, press brakes and 
general machinery for the hot 
and cold working of metals. 


All castings are made by the 
Meehanite process in_ the 
Company’s own well-equipped 
foundry and behind the high 
quality of workmanship there, 
and in the machine, fitting 
and assembly shops lie many 
years of experience. 



















6-26 High-speed 
Forging Press 
(120 tons) 


| GUTTERLEM| 2 5 ‘ 


; ‘ 


THE BUTTERLEY COMPANY LIMITED 


RIPLEY . DERBY . ENGLAND Telephone: RIPLEY 411 (9 lines) 
London Office: 9 UPPER BELGRAVE ST., S.W.1 


Telephone ; SLOane 8172/3 
SM 12 
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Better Lighting— 

























Better Production 


What is the lighting in your factory like? 
Have yourecentlychecked the lighting level 
round the works with a light meter ? 





The right lighting has a significant effect 
on the speed and accuracy of production. 
When its strength, position and type is 
suitable for each job the craftsman can 
give full play to his skill, and the works 
engineer can do full justice to his shop. 

Good lighting is only one of the many 
ways in which electricity is playing a vital 
part in the drive for higher productivity. 


Electricity for Productivity 


Ask your ELECTRICITY BOARD for advice and 
information, or get in touch with E.D.A. They can 
lend you, without charge, films about the uses of 
electricity in industry. E.D.A. are also publishing a 
series of books on Electricity and Productivity. Titles 
now available are: Electric Motors and Controls, 
Higher Production, Lighting in Industry, Materials 
Handling, and Resistance Heating. Price 8/6, or 9/- 
post free. 


issued by the 
British Electrical Development Association 
2 Savoy Hill, London, W.C.2 
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/, TOOLMAKERS COSTS / 





} t Group of punches 
mounted in punch-holder 
with CERROMATRIX. 


135 uns azz 13 urs 


By orthodox methods, it took 135 
hours to turn and mill the punch 
holder, and fit the punches in this 
tool shown by courtesy of Joseph 
Lucas Limited. Using Cerromatrix 





Section through 
punch-holder assembly 
showing simple ‘‘anchorages”’ 
between CERROMATRIX 

and holder-ring, and 
CERROMATRIX and punches. 


the time was cut to |3 hours. 











LOW-TEMPERATURE MELTING EXPANDING 


CERROMATRIK auto 


Cerromatrix is simple to use. It eliminates the need for complicated hold- 
ing devices. It allows fast and accurate location of blanking, piercing and 
trimming punches without machining non-working surfaces. Time- 


savings range from a few hours to weeks depending on the complexity Write for 
of the required die ; and tools made in this manner are still in use after CERROMATRIX 
blanking over a million pieces! manual today! 


MINING & CHEMICAL PRODUCTS LTD - 86 STRAND LONDON WC2 - Telephone COVENT GARDEN 3393 


When replying to advertisements please mention the Journal 
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“ Newallastic” bolts and studs 
have qualities which are abso- 
lutely unique. They have been 
tested by every known device, 
and have been proved to be 
stronger and more _ resistant 
to fatigue than bolts or studs 
made by the usual method. 


POSSILPARR BLASBOW-N 














Engineer's Universal Microscope 


One Microscope with a hundred and one uses. Made on 
the unit principle, it can be adapted for the job whether 
simple inspection. angular or co-ordinate measurement. 
Ideal for measurement at the bench, on the lathe or in 
the inspection room. 





Write for List JPE/29E for further details. 


HILGER & WATTS LTD 


98, St. Pancras Way, London, N.W.| 


Member of the Export Marketing Company—BESTEC 
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There are no better diamond tools than those manufactured 


by Impregnated Diamond Products Limited of Gloucester. 


When replying to advertisements please mention the Journal 











LXxvl The Institution of Production Engineers Journal 


Keeping Industry Rolling! 


FLEE 


CONVEYOR INSTALLATION 


for 
THE 7 AEROPLANE CO. LTp. 


@ Yet another installation of the famous 
Teleflex *705° cable conveyor system— 






used in this case for lost wax castings, 
The total length of the installation js 
about 1,000 ft. 

A big feature of the *705’ is the adapta. 
bility of its standardized units to any 
production layout. [ts light weight 
permits it to be fixed directly, in most 
cases, to existing trusses or girders, 
Our advisory staff is always at your 


disposal. 


| TELEFLEX PRODUCTS LTD 


CHADWELL HEATH ~- ESSEX 









Photograph by courtesy of The Bristo! Aeroplane Co. Ltd. 


Telephone: Seven Kings 5771 Telegrams: Teleflex, Phone, Fomford 


ALSO MANUFACTURERS OF THE WORLD-RENOWNED TELEFLEX CONTROLS. 





s TQ l INDUSTRIAL CLEANING MACHINES 


can be designed to meet your 


HERE ARE THREE particular cleaning problems 
EXAMPLES 




















This illustration shows a machine A power driven conveyor system is Trays carrying the work are pushed 
cleaning crank cases in the production employed with this cleaning machine through on a roller conveyor by hand 
line. It is equally capable of cleaning for ball bearings. in this cleaning installation. 
small parts in baskets. 
Whilst offering a very wide variety of standard cleaning ensures maximum efficiency and economy of the plant 
equipment, it is BRATBY policy, wherever possible to in operation. The illustrations show but a few of the 
design the machine to meet the particular cleaning specific types of Cleaning Machines designed by 


problem. Careful study of each individual problem BRATBY for individual needs. 


Designed and Manufactured by: 


BRATBY & HINCHLIFFE LTD - GORTON LANE - MANCHESTER 18 - Tel.: EAST 2435 


The Tn 
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PRE-SELECT SPEEDS 
REDUCE 

ON PRODUCTION 
‘TIMES ! 


Pm— 
‘ings, 
mM is 


apta- 

any 
pight | 
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ders, 


your 
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Shown in use at maximum capacity by 
the Cennystown Forge Company of Dumbarton on 
the prcduction of marine components, this ARCHDALE 
f RESELECT amply supports its maker’s claim to cut 
production times to the minimum. Not only are 
penitration rates as high as power and strength can 
” make them, but much valuable time is saved by 
FOR DRILLING UP TO 3 IN STEEL eee convenient pre-selection from 16 spindle speeds, at 

any time, whether the spindle is running or stationary. 

Spindle speeds range between |5 and 1500 R.P.M., 
1€ and the 6 rates of feed, selected by a single lever, 
Ny between 24 and 400 R.P.I. 





JAMES ARCHDALE & CO. LTD., LEDSAM STREET, BIRMINGHAM i6 
5 Sole Agent: ALFRED HERBERT LTD. COVENTRY 


When replying to advertisements please mention the Journal 
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the fastest yet 


f 


| 
| 
| 
| 
| 
| 


The only machine @ 
fitted with NUMBER BOXES | 


Typing of variable information @ 
completely eliminated 





Only one master required ®@® | 
Fully automatic line selection @ 
Effortless operation @ | Manufactured by 
Automatic damping control @ ORMIG G.m.b.H. 
| The originators of 
Spirit Process 
CNIS Reproduction 
sy) pe | 
£ ; = 
S [ } OFFICE EQUIPMENT DISTRIBUTORS (B.T.L.) LTD. 
% = 
fs ee ¥ (A Subsidiary of British Typewriters Ltd.) 
Head Office and Works Dept. J, Birmingham Road, West Bromwich, Tel : West Bromwich 2331 
London Office and Showrooms Empire House, 34/35 High Holborn, W.C.1. Tel : Holborn 0936 


Branches—Agents—Service in ALL principal centres 


LORCO 
Hydraulic Ouls... ( 








are used with Vickers-Armstrongs ‘ VSG’ Equipment ™ 


driv 


The London Oil Refining Co. Ltd. 2 


ESTABLISHED 1890 


LORCO WORKS 
London, S.E.15 Manchester, Il | 
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Wood Screws, Metal Threads and Self Tappers 
are all available with Phillips recess heads 


Many types of screw and head styles are now available with Phillips recess heads. The special Phillips 
driver mates perfectly with the recess head and cannot slip. There is no injury to the operator or 
damage to the article. This makes for faster, more efficient work with less strain on the user. Power driver 


bits as well as hand drivers are available for Phillips heads. 


If it’s a matter of how to fasten one thing to another—get in touch with G i h 


GUEST KEEN & NETTLEFOLDS (MIDLANDS) LIMITED 


Screw Division: Box 24, Heath Street, Brmi-gh:m 18. : s/p/2i01 
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WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 





Whatever it isyou need—large or small capacity— 
high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & CO. Lt. 


IPSWICH 





Telegrams: Reavell, Ipswich Telephone Nos.: 2124-5 















MODEL 
52 


PATENT CALIPER GAUG 


Each month one of the seven main advantages of this fine 
precision instrument will be described. 



















@ Many different gauging @ Can be used for either !eft 
positions can be obtained. or right hand threads. 


@ The anvils are set so that x®@ Particularly suitable for the 
they do not roll. gauging of acme forms of 


i : , thread. 
@ All shearing action is 


eliminated. @ Can be supplied for “GO” 
only, or “NOT GO” only, or 
@ Particularly suitable for both “GO” & “NOT GO” 


gauging shouldered work. combined. 


NOTE THIS MONTH’S IMPORTANT FEATURE 








PARTICULARLY SUITABLE FOR THE GAUGING OF 
ACME FORMS OF THREAD 


Owing to the design of the anvils and the neat layout of the 
frame, it is particularly suitable for the gauging of ACME 
types of thread. 











Write today for a descriptive leaflet to:- 







BATH 7241° 





TEL: 





THE HORSTMANN GEAR CO. LTD., 
NEWBRIDGE WORKS.BATH. ENGLAND. 


GRAMS: HORSTMANN 






BATH 
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Photograph by courtesy of Fitzpatrick & Son (Contrs.) Ltd 


‘BROOMWADE 


in action 


Here are “ BROOMWADE.” DXIC tools in use, dressing paving 
stones on the Chelsea Embankment — tools powered in this case by a 

* BROOMWADE ” SV128 Air Compressor, with an output of 100 cu. ft. 

of free air per minute. Fitzpatrick’s, well-known contractors for the repair 

and maintenance of pavements, curb stones, etc.. 
choose “BROOMWADE” — Equipment 
repeatedly—as do so many organisations, large 
and small. 

Today “ BROOMWADE ” is cutting costs 

and speeding production on contracts all over 
the world. Moreover, all ““ BROOMWADE ” 
equipment has behind it expert technical 
knowledge and a comprehensive after-sales 
service. 


It always pays to specify “ BROOMWADE ”. 


“BROOMWADE”’ 


Air Compressors & Pneumatic Tools 


BROOM & WADE LTD., P.O. BOX No. 7, HIGH WYCOMBE, ENGLAND. 
Telephone: High Wycombe 1630 (10 lines) Telegrams: ‘“‘Broom’’, High Wycombe, Telex. 
442 SAS 


... FOR WELL-KNOWN 
CONTRACTOR 
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THE NEW : 


BARBER & COLMAN 








gat ee ee 


* PRECISION SET-UP ADJUSTMENTS 

* WET OR DRY GRINDING 

* ACCURATE INDEXING 

* PRECISION BUILT-IN WHEEL DRESSER 

* ADJUSTABLE HYDRAULIC TABLE SPEED 
AND STROKE 

* AUTOMATIC FEED AND INDEX COUNTING 


* UNIT CONSTRUCTION 


The new Barber-Colman No. 6-5 Hydraulic Sharpening 
Machine is a precision machine which controls index 
spacing, rake angle. lead of gash, and surface finish of the 
cutting tool to a degree which has never before been reached 
by any commercial sharpening equipment. Illustrated 
literature available on request. 


BARBER & COLMAN LIMITED 


MARSLAND ROAD + BROOKLANDS + MANCHESTER 
TELEPHONE SALE 2277 (4 LINES) TELEGRAMS “BARCOL”’ SALE 
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‘Tf we MUST put the work out ...’’ 


*...make sure we give it to an organization we can trust. 
It's no good taking the cheapest quote if we constantly have 
to chase deliveries, reject batches or iron out other people’s 
problems for them. Remember, our own reputation’s at 
stake, John...” 


Tying yourself to an outside supplier on long-run 
production certainly calls for caution. But if you 
look for experience, integrity and responsibility, 
you can find yourself in the happy position of 
having a_ virtually automatic extension to 
your own organization, completely free from 
administrative demands and from any necessity 
for close, personal supervision. 

We are currently fulfilling long and short-run 
contracts for many nationally-known manu- 
facturers, involving presswork up to 400 tons, 
spinning, welding, fabrication, finishing and 
complete assembly of a very wide range of articles. 
We cordially invite you to come and see us in 
action, and judge our capacity and standards for 
yourself. 
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ADAMS BROS. & BURNLEY LTD. 


Elmgrove Road, Harrow, Middx. Tel: HARrow 6411 (5 lines) 
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~ but nothing compares 


with 





the best hack saw blade 


Eclipse’ hack saw blades, tool bits and other engineers tools are made by: 
James Neill & Co. (Sheffield) Ltd. and are obtainable from all tool distributors 


UH2 
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A new HIGH SPEED 
milling technique for 





~~ | Wadkin Routers can 
reduce production times 

on Non-ferrous com- 
poe caren ponents from hours to 








Photograph by courtesy of Freeman, 
Taylor Machines, Ltd., Syston. 


STOC 


CK 
REMOVED 





latices ee minutes. With spindle : 
| Necessany neers speeds up to 18,000 r.p.m. the metal is cut at the highest possible surface speed. 
\ — That’s why a metal removal rate of 20 cu.in./min. is easily accomplished. The 
Articulated Arm Router is the latest development of the radial arm type. Full 
The high cutting speeds employed, details of this machine are given in Leaflet 831, available on request. 





| 
| 
| 
namely 12,000 and 18,000 r.p.m. and 
| the low tooth loading of the cutter 
| makes routing particularly suitable 
| 


for face milling components such | Telephone: Leicester 67114 Telephone: MA Yfair 7048-9 





| as the machine guard shown above. | 
| | Wadkin Ltd., Green Lane Works, Leicester. London Office : 62-64 Brook Street, W.1 


GAUGE 
RY DETAIL 















Your machines deserve the best— 
equip them with 


“ARCHER 


DRILL SLEEVES & SOCKETS 


Guaranteed precision is our business—every tool is accurately 
ground to standard Morse taper gauges. Archer Drill 
Sleeves and Extension Sockets are made in two qualities. 








: SUPER STANDARD 
Ve QUALITY QUALITY 
= Hardened all over, Ac- Oil toughened, with 
ARCHER curately ground inter- Fs es —. 
i nally and_ externally. round — externally 
ASK FOR LIST No. 458 SMALL-TOOLS ‘ y 





FRANK GUYLEE € SON LTD. 


ARCHER TOOL WORKS : MILLHOUSES -: SHEFFIELD 8 


“ 
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) 
Universal Broach Sharpeners. : 
Capacity between centres: 60, i 
72, 80 inches, also, Surface i 
Broach Sharpener, working i 
table 36 inches. Me 
a 
Gome to 
for better broaching 


Horizontal Hydraulic Broaching Machines. 
Capacity : 2} -50 tons. 


Stroke : 30-78 inches. 


THE LAPOINTE MACHINE TOOL CO. LTD 
OTTERSPOOL WATFORD-BY-PASS WATFORD HERTS 
TEL: GADEBROOK 3711 (1 LINES) CABLES: LAPOINTE WATFORD 


Also 
The Lapointe Machine Tool Company, Hudson, Mass., U.S.A. 





BRITISH MADE 


When replying to advertisements please mention the Journal 
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$ 4/1,.2821 


It’s no use ‘sticking your 
neck out’ with problems of 
filtration. Our feet are 
firmly on the ground and 
our experience — over a 
quarter of a century — in 


the specialised production 
of filters, strainers, floats 
and ventilators should give 
you confidence to refer 
your problems to us. 


Send for catalogue No. JPE 56 


INTERMIT 
LIMITED 
BRADFORD STREET, 
BIRMINGHAM 5 


Telephone: MIDland 7961 (4 line’) 
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P. B. COW & COMPANY LIMITED 
RUBBER MANUFACTURING SPECIALISTS FOR EVERY INDUSTRY. 
INDUSTRIAL DIV: 470 STREATHAM HIGH ROAD, S.W.16. POLLARDS 4481 





The 
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An Acme Installation 

















This is a photograph of a typical Acme Installation. From right to left it * 
shows a Troughed Belt Conveyor from Shake-out, Magnetic Separator, 
Fume Extraction over Mould Conveyor and Pouring Monorail. 





* The Acme Companies consist of: 


The ‘Conveyor’ range includes the Acme ‘No-Leak’ 
Apron Conveyor, Roller Conveyors, Slat Conveyors, 
Overhead Chain Conveyors, Belt Conveyor both Flat Acme Conveyors Limited 
and Troughed, the ‘Convoyer’ and the ‘Acmeveyor’, 


a vibrating conveyor of modern design. , 

Our wide range of ventilation activities includes Dust and Acme Ventilating Limited 
Fume Extraction, Plenum Heating, Pneumatic Conveying, m 

Air Conditioning. Though the Acme Companies combine to 

to install complete Ventilating and Conveying installations, A 


they also welcome individual enquiries from any industry. Acme Welding & Constructional 


Engineering Company Limited 








Please write for individual details or literature, or ask for a complete catalogue if required. 


Acme Chambers - Bradford Street - Walsall - Staffs 





Phone: Walsall 5183-4 & 6793 Grams: Acknight, Walsall 


Please refer to Dept. P.E.1. 





When replying to advertisements please mention the Journal 
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PROMPT DELIVERIES — 
FROM STOCK 


A genuine off the shelf service for all machine shop equipment is 

offered. Comprehensive stocks of “ Galtona O.K.” Serrated blade cutters; 
“ Galtona”” Ground thread taps and dies; twist drills; ] & S Tools; 

Vices; H.S.S. Milling cutters and reamers; Carborundum products; 

lathe and drill chucks; socket head screws; precision tools; 

power transmission appliances; belting, pulleys and mill gearing; 

mill furnishing; machine tools and equipment:— 


cre a AP 


eT 











STEELHOUSE A Y WORKS « OLIVER STREET - BIRMINGHAM 7 


00/ (12 mts pS Delegrams ‘Cogs Birmingham 





~ 4%) NORTHERN AREA OFFICE: A. V. Green, Britannia House, Wellington Street, Leeds, | ; 
. LONDON AREA OFFICE: A.J. Percy, 240, Romford Road, Forest Gate, London, E.7. ; 
a, LZ 
—_ 
ad) 
NS EVERYTHING FOR THE & TELEPHONE 


BIRMINGHAM (Head Office) I 
ASTON CROSS 3001 j 
LONDON OFFICE 

MARYLAND 2564 


LEEDS OFFICE 
LEEDS 21212 


ENGINEERING SHOP 





F/4/I 








IN HEIGHTS 
FROM 
7ft. TO 23fc. 





Send for full details NOW to:- 


ACROW (ENGINEERS) LTD. 


SOUTH WHARF, PADDINGTON, 
LONDON, W.2. 


Telephone: AMBassador 3456 (20 lines) 


% They can be dismantled 
and re-erected to suit 


any change of plan Branches at: BIRMINGHAM ~° LIVERPOOL 
MANCHESTER - LEEDS - BRISTOL - NEWCASTLE 


SOUTHAMPTON * SWANSEA - GLASGOW 
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JONES-SHIPMAN 


MODEL 1030 PLAIN CYLINDRICAL 


PRODUCTION GRINDER 


The machine has been arranged for production cylindrical grinding, with 
high production rates and a high degree of accurate size repetition. 

In basic form, it is semi-automatic and is equipped with a spark-out timing 
device, which enables the machine, once loaded, to run through its cycle 
automatically. Further to this, the controls are electro-hydraulically 
operated in order to take advantage of any benefits which can be gained 


from the use of gauge sizing methods. 


GAUGE SIZING 





The machine can be equipped with gauge control equipment, the measuring 


means of which are provided by Taylor-Hobson. 


A. A.~. JONES & SHIPMAN LTD. 
NARBOROUGH ROAD SOUTH, LEICESTER 
Telephone: 33222 (8 lines ) Telegrams: ‘CHUCK’, Leicester 


London Office: Murray House, 5 Vandon Street, Buckingham Gate, S.W.| 
Telephone: ABBey 5908 
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Three Centuries of Sheffield Steel 





Here is a selection from the wide range of 
MARSH CYC High Speed and MARSH 
Carbon Steel Engineers’ Tools. These tools, 
with MARSH Steels and Wire, are used by 
Government Departments and firms with 
household names, at home and abroad. 
We are a family firm, founded in 1631, and 
have a proud tradition of personal service 
to our customers the world over. MAY 


WE HELP YOU ? 





MARSH BROTHERS 





of Sheffield England 


The most practical plant. 





for Cleaning METAL PARTS 













A ‘Junior’ type machine supplied to a Midlands 
Motor Car Works. 


Dawson 


DE-GREASING 
AND CLEANING 
MACHINES 


A Rotary Drum machine for removing swarf and 
grease from small components. 








Supplied for the washing and drying of Tractor A model ‘A’ machine, washing parts of motor 
parts. Crank Shafts, Sumps, Pressings, etc. car engines prior to assembly. 
Dawson Metal Parts cleaning machines are supplied for all branches of the engineering 
industry. Their chief characteristics are robustness of design, small number of working 
parts and simplicity of operation. Space orly permits the illustration of four of the 
many types of machines built for quick economical washing and drying of Metal Parts. 


Sole Distributors 
DRUMMOND-ASQUITH (Sales) LTD., King Edward House, New Street, Birmingham. 
Telephone—Midland 3431! 


Manufacturers—DAWSON BROS. LTD., Gomersal, LEEDS London Works—406 Roding Lane, South Wood 
Tel.—Cleckheaton /080 (5 lines) ford Green, Essex. Tel.—Wanstead 7777 (4 lines) 
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*“OPTIMETRIC 


I 1sy 153 


TOOL ROOM BORER 























This illustration of the Kearns 
Horizontal Tool Room Boring 
Machine shows the extension 
bearing in use during a milling 
operation on a machine tool 
gearbox. 

The patented OPTIMETRIC 
system of measurement ensures 
a high degree of accuracy for 
boring, milling, drilling and 
tapping. Catalogue TRB 3 deals 
fully with this machine. 





* 
OPTIMETRIC 


is the registered trade mark of 
Kearns system of optical measurement 
fitted as standard to all Kearns 
Horizontal Tool Room Boring 


Machines 





H. W. KEARNS & CO. LIMITED BROADHEATH near MANCHESTER 


When replying to advertisements please mention the Journal 
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The most vital job 


in your shop 


Lubrication is the vital link that makes everything tick. The 
most modern and most ancient machine tools alike need 
correct lubrication to maintain their performance. 

Aiding you in this essential phase of machine shop maintenance 
are the GENA lubricants. They comprise seven oils of graded 
viscosity ratings and cover most requirements. Ask for 
your copy of * Machine Tool Lubrication ~ and you will see 

how FLETCHER MILLER lubricants can serve your 
machine shop 
















VETA- for hydraulic 


jpg YWlulJWWGUuéoOGfw sz 
FICTCUCD 
7G] 4Y4UiJ{YUII{ JZ 
Jet, HER 
y ; - 1 systems generally 
7 oe GENA -the machine tool 
Y Vy 77 7 a g/ lubricant 
Aga aai 
MELaa et ALMARINE- for all 
a0 6 Gelelo OG grease points 





Machine Too! Lubricants 


FLETCHER MILLER LTD -: ALMA MILLS : HYDE : CHESHIRE 
TELEPHONE: HYDE 347! (5 lines) 





MTL29 












CENTURION TOOLS 


TIPPED WITH 


BDIB RAG 











®eeeeeeee??es?ee® 
e@ Send for literature. 


SDIBRAC WMlys 


Manufacturers of 
Tungsten Carbide Tipped Tools and Cutters 
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COMBINES THE HIGHEST PRECISION WITH 
ROBUST CONSTRUCTION e MAG. UP TO 1,000X 
Combining the following features: Dead centre, adjustable drive 
for zero settings, large vernier screen reading direct to 6 secs. 
(estimation 3 secs.) and conforms to N.P.c. Specification 


MOY /SCMI/56. 












MAIN DIMENSIONS 


Height of Centres. hen 48” (117.5 m/m.) 
Centre Distance (on Base) 24” (610 m/m.) 
Size of Face Plates : 73” dia. (190 m/m.) 


Size of centres No. 2 Morse Taper 
WEIGHT OF HEAD 2 Ibs. 






PRECISION 
GRINDING, LTD. 


MILL GREEN ROAD, 
MITCHAM, SURREY 


‘Phone: MITCHAM 3014 jou oo 


| 











A SUBSIDIARY OF GEORGE H. ALEXANDER MACHINERY LTD. 82-84 COLESHILL ST., B°HAM. Phone ASTON CROSS 3264 





When replying to advertisements please mention the Journal 
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For magnified 
output... 


use mechanical ‘ 
tubing... 


A great deal of time, labour and 
matetials are saved when mech- 
anical tubing is used, particularly 
when manufacturing rollers and 
ring-shaped machine parts. 
We carry large stocks of tubing in many 
sizes and lengths with either large or small 
diameters. They are available in various 
finishes and are obtainable suitable for 
machining. 
Write, ’phone or call for full particulars. 
IMMEDIATE DELIVERY IN MOST CASES 


Markland Scowcrost 


COX GREEN WORKS, BROMLEY CROSS, Near BOLTON A 
MII9 Phone EAGLEY 600 (5 lines) 








'T7 PAYS VOU TO 


\ 


- 


X Ono 
LX oF 


we py 
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Clarkson 
%Doluery lym, 


) Head Office and Works: NUNEATON 
Branches at: 


Newcastle - London - Birmingham - Bristol 
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Manchester - Glasgow - Belfast 
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Your No. 7 Hydrax Hobbing Machine looks good — what is its 
production rate for a 32 teeth helical gear, 12 D.P., 36° 58’ helix 
angle, 3” face in E.N. 24 materials? 


Two gears would be hobbed together using hand 
loading with fully automatic cycle. The floor to floor 
time per gear would be 55 secs. — 480 gears in an 
8-hour shift. You benefit by the Hydrax technique and 
the finish would be suitable for shaving or grinding. 


WRITE A/QW FOR LEAFLET M. 104.4 











Q This looks an extremely robust machine — what will it do? 


A The PH30 Production Hobber, set for automatic 


cycle, will, to select a typical example, cut a 112 tooth 
helical gear, 5 D.P., 20° helix angle, 2” face in E.N. 8 in 
58 mins. floor to floor time. Three gears would be cut 
per setting and single roughing and finishing cuts only 
would be required. 


wriTE MOW FOR LEAFLET M. 107.1 














Q 


A 





We've heard about the tremendous production rate of this 
machine — what will it give us for our 32 teeth helical gears, 
12 D.P., 36° 58’ helix angle, 3” face in E.N. 24? 


Using the David Brown Oblique Traverse method, 
the S6H Shaving Machine will give a floor to floor 
time of only 32 secs. or 800 gears per 8-hour shift. 
The fully automatic cycle and changing would be used 
with hand loading. 


write AVQW @ FOR LEAFLET M. 103.6 















Please address your 
replies to Gear Quiz 


THE 


DAVID BROWN 


CORPORATION (SALES) LIMITED 


MACHINE TOOL DIVISION 
BRITANNIA WORKS 
MANCHESTER 3 





SHERBORNE STREET 
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A No.1 Universal, milling 


flutes on drill, in use at 
a Small Tool manufac- 
turer’s works in Sheffield. 








MILLING 
MACHINES 


No 


FOR CONTINUOUS 
PRODUCTION LINE MILLING 


Accuracy limits 0.001” in 12”, work- 


ing table surface 30" x 8”: eithere 
direction auto feed to table and cross 
traverses. ‘l'able, middle slides, knee, 
have precision ground wide bearing 
surfaces. 
Type 1. 6 speeds (34-400 r.p.m.) 
Type 2- 12 speeds (26-600 r.p.m.) 


MIDGLEY & SUTCLIFFE LTD. HUNSLET, LEEDS 
Tel.: 76032/3 
ndh) 1072 





Journal 
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UNIVERSAL 
\ MOUNTING 
TYPE 





‘WORM 
REDUCTION 
witH 11", 12° GEAR UNITS 
and 2)” CENTRES 


The *‘Motogear’ ‘J’ Type Universal Mounting Worm Reduction Gears represent 
the latest addition to our existing range of gear units. 

They are of robust design and capable of transmitting up to 24 h.p. depending on 
the ratio and input speed. They are ideally suited for use with fractional h.p. 
motors and can be mounted in any desired position. 
There is a wide choice of standard ratios (5 to 60 : 
ratios can be supplied where required. 
Comprehensive literature giving complete specifications will be gladly forwarded 
on request. 


THE MOTOR GEAR & ENGINEERING CO. LTD. 


ESSEX & CORONA WORAS - CHADWELL HEATH + ESSEX - Phone; Seven Kimes 3456-7745 (10 


1) available and non-standard 








Reateliff 


SPRINGS 


IS Retife 


ie a 


D 
eee, sre i 


REGISTERED F 4 ir temper ! 
See sas Ratcliffe Springs never lose their temp 
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Quantity production 


Cast steel components can be produced in quantity, and 
the price per each thereby reduced. What constitutes an 
economical ‘quantity’ depends upon the size and character 
of a casting. 

Six in number, or less, ordered at one time, of a massive 
one-piece casting could in certain instances effect substantial 
production economies. Of a smaller component 50, 100, 500 
or even 1,000 could constitute an economic quantity. This 
is a matter for consultation between the user and his steel 





founder, but orders for large numbers of castings, or con- 
tracts covering a firm’s requirements over a reasonable period 
of time, present opportunities for reducing production costs 
which are yorth exploring. 

Whatever the number of steel castings called for, and 
whatever their shape and size, the Production Engineer can 
rely upon them being identical in form, properties and 
dimensions. 

The steel casting process is over 100 years old but it 
still remains for it to be fully exploited by the Designer 
and Production Engineer. Advanced steel foundry tech- 
nology has created a marriage between the craft of steel 
founding and science ; this is brought out in the new BSFA 
publication “* Near Miracles can be Worked in Sand”’, which 
is shortly to be published. /nterested Designers and Engineers 
are invited to apply for copies of this publication to be sent 
to them when it is ready. 





BRITISH STEEL FOUNDERS’ ASSOCIATION 
Broomgrove Lodge, 13 Broomgrove Road, Sheffield 10 
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600 Group Service 


to the 
POWDER METALLURGY 


INDUSTRY 
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| me | 
600 
GEORGE = COHEN 


SONS AND COMPANY LIMITED 
Broadway Chambers London W.6 Telephone: RiVerside 4141 
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GENERAL SPINNERS 
inall METALS. 
SHEET METAL WORK. 


SOLDERING ASSEMBLIES. 

















LIGHT METAL PRESSINGS. 


3 8 on bed bet ot OL 818) (Ss om 


= ©) 
FACTORY “ESTATE BROMFORD LANE 
WEST BROMWICH _ Telephone WES 2288 





Spinners to the 


DAIRY, ELECTRICAL, MOTOR AND OTHER INDUSTRIES 












just —* 

one of 

the big 

advantages 
Rian 





Ransomes 
Battery Qperatéd \NDUSTRIAL TRUCKS 
Present policy demands and future policy makes it 


highly worth while to insist on Ransomes Electric 
Trucks. Remember also their silence, 





















cleanliness, safety and economy. oe O8ST Mg 
2] ] © fs 
Write for Catalogues TODAY * LI} ¥ 
ansomes 
Boers rests accent? —\, © Od) 
so caenti srs aaa TET ee Vrauc®t * 





RANSOMES SIMS & JEFFERIES LTD., ORWELL WORKS, IPSWICH 








A piece-work operator whose output is reduced by slow guard operation 
is a frustrated person, and a frustrated person is in constant danger. 
For greater safety and more production you should ask UDAL about 
the famous ‘Fastrip’ synchronised guards, worked by compressed air 
and timed to a split second. Details will gladly be sent on request. 


J. P. UDAL LIMITED 


INTERLOCK WORKS 4 
COURT ROAD 
BIRMINGHAM 


Telephone : CALTHORPE 3114 
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for more production 
at less cost 


this 








MULTI DRILLING MACHINE 
| by Slack & Parr 


Attractive in Price .... Fast... . Dependable! 
With hydro-pneumatic power feed to reduce the fatigue 
factor, these low-priced S.P.K. multi-drilling machines 
are designed for continuous peak performance. 
Two models are available : 

MAI (as_ illustrated) equipped with Model Aé6é6, 
universally adjustable 6-spindle drill head. Capacity up 
to } in. dia. Fully described in brochure DHI106. 
MFI for use with our gearless fixed centre drill heads for 


holes up to } in. dia. Fully described in brochure DH104. 


Other time-saving products are. . 

it Universally adjustable centre heads (Brochure DH101) 
, Gearless fixed centre drill heads (Brochure DH102) 
Geared fixed centre drill heads (Brochure DH103) 
Geared adjustable centre drill heads (Brochure DH105) 


SLACK & PARR Ltd 


(MACHINE TOOL DIVISION 4) 
KEGWORTH NR. DERBY PHONE: KEGWORTH 306 GRAMS: PARR KEGWORTH 


When replying to advertisements please mention the Journal 
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